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l •  lnlLaduclifiD 

We  are  barraged  with  news  of  the  technological  advances  currently 
talcing  place  in  electronics,  and  what  they  promise  for  the  future. 
Optimists  paint  rosy  visions  of  a  world  without  drudgery,  where  cheap 
and  abundant  machines  master  the  simple  tasks  that  make  work  repetitive 
and  boring.  The  skeptical  worry  over  a  gloomier  picture  of  redundant 
and  dissatisfied  workers,  doomed  to  unemployment  in  a  society  where 
macnines  can  function  witn  less  cost  than  the  wage  to  which  people  are 
accustomed. 

These  issues  lie  before  us.  A  different  sort  of  technical 
revolution,  of  no  less  importance,  has  already  fundamentally  altered 
the  way  work  is  divided  among  the  developed  industrial  countries  and 
their  less  developed  neighbors.  Tne  low-cost,  solid-state 
semiconductor  devices  (SCDs),  which  are  the  building  blocks  of  the 
sophisticated  new  electronics,  are  the  product  of  a  qualitative  change 
in  the  way  firms  operating  in  world-scale  markets  have  been  able  to 
organize  their  production,  as  well  as  of  technical  progress. 

The  research,  development,  and  initial  production  runs  of  new 
products  are  generally  carried  out  in  the  industrial  countries  with 
relatively  cheap  and  plentiful  supplies  of  skilled  workers, 
technicians,  and  scientists.  Once  a  standardized  product  with  a 
potentially  large  market  is  developed,  however,  the  labor-intensive 
stages  of  production  are  often  moved  into  developing  countries  with  an 
abundance  of  cheap,  unskilled  labor.  As  shall  be  seen  below,  factors 
other  than  a  reliable  supply  of  low  wage  labor  are  important  to  the 
economics  of  offshore  production;  still,  the  essence  of  these 
arrangements  is  specialization  based  ?n  international  differentials  in 


the  costs  of  labor  services*  The  availability  of  low-priced  labor  has 
also  influenced  the  selection  of  production  techniques  in  manufacture* 
The  use  of  cheaper  foreign  labor  inputs  to  reduce  production  cost, 
and  the  international  trade  flows  generated  by  this  practice/  are 
neither  a  completely  new  phenomenon/  nor  confined  to  the  semiconductor 
industry.  In  fact/  it  is  the  rapid  spread  of  these  arrangements  to 
other  industries  —  particularly  among  certain  dynamic  industries  in 
the  advanced  industrial  countries  —  that  mattes  the  international 
semiconductor  industry  (and  its  most  important  product  line/  integrated 
circuits)  1/  as  illuminating  to  study  from  the  viewpoint  of  industrial 
structure/  as  from  the  viewpoint  of  technological  diffusion* 


2 .  Qii£lifii£.exfiiiiifiUfiD.ao^Uodu5i£ial.£Ali£i 

Tne  U.S.  semiconductor  industry  represents  a  distinct  set  of 
responses  to  a  whole  series  of  problems  afflicting  the  Western 
industrial  economics*  Its  past  success  and  current  challenges  make  it 
an  excellent  example  of  the  readjustments  that  take  place  as  industry 
comes  to  terms  with  the  changes  that  have  made  the  postwar  decades  a 
distinctive  stage  in  the  evolution  of  the  modern  world  economy:  a 
dramatic  decline  in  all  sorts  of  trade  barriers;  including  among  these 
an  enormous  cheapening  of  the  cost  of  international  transport  and 
communication;  the  quickening  of  the  pace  at  which  technology  diffuses 
across  national  boundaries;  widening  international  disparities  in  wages 
and  standards  of  living;  the  great  leap  in  the  importance  of  the 
multinational  firms  which  accompanied  these  changes. 

but  it  is  not  tne  only  model*  the  Western  European  and  Japanese 
semiconductor  industries  represent  different  paths  taken  on  critical 
policy  issues,  and  each  illustrates  potential  strengths  and  weaknesses 
of  those  alternatives* 

All  the  different  national  policies  have  resulted  in  an 
essentially  global  industry,  with  product,  capital,  or  technology 
flowing  across  national  ooundaries  while,  for  the  most  part. 
Internalized  within  the  limits  of  a  single  multinational  firm.  In  a 
certain  sense,  since  the  trade  associated  with  offshore  production  is 
largely  the  internal  transfers  of  multinational  corporations,  the  rise 
of  the  global  semiconductor  industry  reflects  a  shift  in  the  functions 
of  the  multinational  firm.  Until  the  early  1960s,  multinational  firms 
were  largely  oriented  toward  producing  for  foreign  marxets  (with  tariff 
and  tax  barriers  determining  whether  to  export  through  a  foreign  sales 
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affiliate/  or  to  produce  behind  foreign  tariff  walls)/  or  securing 
natural  resources  in  foreign  economies.  Superior  management/  Marketing 
skills/  technical  knowledge/  or  preferential  access  to  capital  markets 
aade  multinationals  competitive  with  foreign  entrepreneurs  overseas* 
Foreign  operations/  however/  were  basically  little  (or  big)  versions  of 
big  national  companies  in  the  home  market* 

Technological  advances  in  transport  and  communication/  along  with 
the  development  of  a  basic  industrial  infrastructure  in  many  developing 
economies/  and  the  creation  of  what  amounts  to  a  free  trade  zone  in 
unfinished  manufactures  in  the  developing  world  (through  the  widespread 
promotion  of  export  processing  zones/  drawback  schemes/  and  similar 
institutions)/  have  made  new  forms  of  organization  possible. 
Multinational  firms  can  now  effectively  transfer  the  production 
departments  supplying  their  output  on  major  markets  to  distant  regions 
with  comparatively  lower  costs*  Foreign  affiliates/  rather  than  being 
scaled-down  versions  of  home  operations/  or  sales  offices/  can  now 
specialize  in  the  production  or  assembly  tasks  of  tne  organization/ 
while  home  offices  can  specialize  in  the  skill  and  technology-intensive 
operations  in  which  their  costs  are  lower*  These  changes  in  the 
structure  of  multinational  operations  may  not  necessarily  be  in  the 
long-term  interest/  nor  even  under  the  effective  control/  of  developed 
and  developing  nations. 

.  This  essay  will  focus  on  offshore  production  as  a  strategy  for 
lndustial  reorganization.  The  international  semiconductor  Industry  is 
the  clearest  and  most  pronounced  example  of  a  pattern  of  international 
and  production  flows  that  has  already  spread  to  key  sectors  of 
t r.s  eastern  industrial  economies*  The  international  structuring  of 


industries  across  national  boundaries  presents  problems  and 
possibilities  to  both  the  developed  economies  supplying  components  and 

a 

technology/  and  the  developing  nations  supplying  the  labor  to  assemble 
these  products* 

The  next  sections  discuss  tne  economics  of  microcircuit  production 
and  its  relation  to  current  industrial  problems/  and  how  different 
national  solutions  to  these  problems  have  created  competition  and 
complexity  in  international  markets  for  semiconductors*  A  subsequent 
discussion  traces  the  development  and  growth  of  offshore  operations  in 
the  industry. 

Later  sections  analyze  the  motivations  for  offshore  investment  in 
production  facilities/  and  the  determinants  of  plant  location* 
Assessments  of  tne  impacts  of  offshore  operations  on  U.S.  industry/ 
and  on  the  economies  of  LDCs  playing  host  to  such  plants/  follow. 
Finally/  the  prospects  for  the  further  internationalization  of 
production  within  a  single  industry  are  examined/  and  conclusions  drawn 
about  the  probable  choices  faced/  and  their  likely  effects* 


3.  &£3i£J2DdU£lfiI2-aDd.lb£iL-llB£fi£laQ££ 

The  transistor,  invented  at  Bell  Labs  in  1947,  was  the  first 
semiconductor  device  (so-named  because  its  principle  of  operation 
involved  the  application  of  electric  currents  to  normally 
non-conductive  crystalline  materials  which  were  treated  with  small 
amounts  of  impurities,  permitting  the  flow  of  electric  current)*  The 
transistor  is  a  semiconductor  amplifier,  in  which  the  application  of  an 
input  regulates  the  flow  of  another  electric  current  through  the 
semiconductor  medium* 

The  transistor  quickly  replaced  many  types  of  vacuum  tube 
amplifers,  which  it  dominated  in  reliability,  size,  power  consumption, 
and  cost.  It  soon  became  clear  that  devices  constructed  with 
semiconductor  materials  could  perform  most  other  electronic  functions, 
including  those  of  rectifiers  and  diodes,  resistors,  and  capacitors  2/ 
In  1969,  the  first  integrated  circuit  was  developed;  it  consisted  of 
several  different  electronic  devices  constructed  on  the  surface  of  a 
single  piece  of  semiconductor  material*  2/ 

Size  and  reliability  are  critical  in  military  applications,  and 
semiconductors  were  an  essentially  military  technology  until  the 
1960's*  In  fact,  the  development  of  semiconductor  technology  can  be 
traced  back  to  World  War  II,  wnen  the  unreliability  of  silicon 
detectors  used  in  radar  prompted  the  U*S*  government  to  sponsor  a  huge 
research  program  into  the  fundamental  properties  of  germanium  and 
silicon,  involving  thirty  to  forty  U*S.  research  laboratories,  and 
directed  by  the  Radiation  Laboratory  at  H.I.T*  J/  Nevertheless,  the 
transistor  was  actually  invented  at  the  civilian  Bell  Labs  which  did 
not  receive  a  semiconductor  R&D  grant  from  the  military  until  after  its 


invention* 

At  the  start  it  uas  recognized  that  the  transistor  Has  an 
enormously  important  invention/  and  of  great  strategic  value*  The 
development  of  a  wristuatch  radio/  for  example/  excited  early  military 
interest*  ft/  Military  users  funded  a  large  portion  of  the  research  and 
development  expenditure  tnat  went  into  semiconductors  in  the  SOs/ 
directly  through  grants/  and  indirectly/  through  sales  at  premium 
prices  for  new  devices*  In  addition/  roughly  $36  million  uas  spent 
betueen  1952  arid  1959  on  grants  to  provide  funds  to  individual  firms  to 
build  semiconductor  production  capacity  far  in  excess  of  current 
requirements.  &/ 

Tne  decision  to  use  integrated  circuits  in  the  Air  Force's 
Minuteman  lCb‘<  missile/  and  in  NASA's  Apollo  space  program/  gave  the 
industry  another  big  push  in  the  1969s*  Industry  sources  variously 
estimate  the  government  to  have  paid  far  betueen  forty-four  (in  the 
period  1958-74)  and  forty-seven  (over  1958-69)  percent  of  all  RU>  done 
in  the  industry  over  the  years  in  uhich  the  integrated  circuit  uas 
developed  ana  brought  to  the  mass  market*  2/ 

The  importance  of  semiconductors  quickly  spread  beyond  purely 
military  applications.  As  price  dropped  and  production  increased/  they 
became  a  major  input  into  the  young  computer  industry.  Cheap 
semiconductors/  lowered  the  cost  of  moving  and  storing  data/  dropped 
the  cost  of  the  computers  into  uhich  they  were  built/  and  played  a 
major  role  in  stimulating  demand  for  computers*  By  the  early  1960s/ 

IBM  uas  probably  the  largest  single  customer  of  every  American 
semiconductor  company/  with  the  Minuteman  missile  finishing  in  second 
place*  ft/ 


The  decline  in  the  price  with  improvements  in  technology  was  quite 
remarkable.  Chart  3.1  gives  semiconductor  price  indices  over  the 
1967*1978  period  in  real  terms  (deflated  by  the  implicit  GNP  price 
deflator),  furthermore/  as  more  and  more  circuit  elements  were  crammed 
onto  a  single  semiconductor  chip/  integrated  circuits  went  from  under 
64  components  per  circuit  in  the  early  '60s  (small-scale  integration)/ 
to  in  excess  of  256  components  in  the  late  '60s  (medium-scale 
integration)/  to  more  than  a  thousand  in  the  early  '70s  (large-scale 
integration)/  and  finally  to  more  than  sixteen  thousand  in  the  la 
'7t*s  (very  large  scale  integration  or  VLSI).  Hence/  the  price  p< 
electronic  function  has  declined  on  the  order  of  100  to  1090  time  the 
decline  shown  in  Chart  3.1.  It  is  claimed/  for  example/  that  tht  <.ce 
of  an  electronic  function  in  a  computer  memory  declined  from  $50  in  the 
aid-136Gs/  to  under  $.Cv5  in  1979.  2/ 

ks  the  price  of  chips  dropped/  the  density  of  components  on  a  chip 
increased/  and  the  price  of  an  electronic  function  plummeted/ 
non-military  demand  for  semiconductors  surged.  Table  3.1  shows  that  in 
tne  early  '60s  military  consumption  in  the  U.S.  accounted  for  most  SCO 
demand/  and  all  of  the  demand  for  the  first  integrated  circuits.  But 
commercial  usage  increased  much  more  rapidly  until/  by  1979/  military 
sales  accounted  for  only  14  percent  of  the  U.S.  semiconductor  market. 

the  economic  and  strategic  importance  of  semiconductors  is  as 
related  to  their  role  as  a  critical  input  to  the  computer  and  ' 
telecommunications  industries/  as  it  is  to  3ny  purely  military  impact. 
As  Table  3.2  makes  clear/  the  largest  consumption  of  semiconductors/ 
since  at  least  the  early  196Cs/  has  been  in  those  two  sectors,  rfhen 
corrected  for  chances  in  SCO  and  output  prices/  as  in  Table  3.3/ 


Table  3.1 


Military  Sales  as  a  Percentage  of  all  Sales  in  the 
U.S.  Semiconductor  Market 


Tear 

X  Military  Sales 

All  Semiconductors 

Integrated  CJ 

1958 

39 

- 

1960 

48 

- 

1962 

39 

100 

1964 

28 

85 

1968 

25 

37 

1972 

24 

- 

1979 

14 

- 

Source: 

1958-68 

1972 

from  Tilton  (1971),  pp.  90-91. 

from  Flnan  (1975),  Table  6-3. 

1979  from  U.S.  Dept,  of  Commerce,  Office  of 

Producer  Economics  (1979),  p.  77. 
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*  Creator  than  U  of  SCO  output  la  1972. 

Soureat  0.8.  Dept.  o(  Coaaerce  Input-Output  Tablea,  1963,  1967,  1972. 
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Index  of  SCD  Use  per  Unit  Output 
(1972  -  100) 


User  Sector 

1963 

1967 

Computers  &  Calculators 

33 

44 

Electrical  Measurement  Instruments 

Radio  &  T.V.  Receivers 

23 

76 

Telephone  &  Telegraph  Equipment 

21 

43 

Radio  &  T.V.  Communication  Equipment 

15 

45 

Semiconductors 

28 

61 

Other  Electronic  Components 

N/A 

N/A 

Aircraft  and  Parts 

4.5 

N/A 

Photographic  Equipment 

.61 

1.9 

Communications,  other  than 

Radio  &  T.V. 

N/A 

45 

Personal  Repair  Services 

10 

58 

Business  Services 

N/A 

6.1 

Source:  "Percent  of  value  of  output  in  user  Industry"  In  Table  3.2 
divided  by  ratio  of  SCD  price  Index  to  output  price  index 
(1972  ■  100).  Output  price  indices  based  on  4-digit  SIC 
output  price  indices  (cross-weights  used)  published  by 
Bureau  of  Census  with  Census  of  Manufactures  data  corresponding  to 
year;  except  for  Computers,  Aircraft  and  Parts,  Communications, 
and  Services,  from  U.S.  Dept,  of  Labor,  Bureau  of  Labor  Statistics, 
Time  Series  Data  for  Input-Output  Industries  (Washington,  D.C.,  1979). 


figures  show  that  real  consumption  of  semiconductors  per  unit  of  output 
tripled  in  computers  over  the  1963*1972  period/  and  increased  five  to 
seven  times  in  various  types  of  telecommunications  equipment*  Growth 
in  usage  in  other  types  of  equipment  was  even  more  spectacular*  12/ 
Since  semiconductors  are/  arguably/  one  of  tne  most 
technologically  dynamic  sectors  of  the  U*S*  economy/  it  is  not 
surprising  to  find  both  the  semiconductor  industry  and  its  major 
customers  in  tne  ranks  of  tne  most  rapidly  growing  U*S*  industries* 
Table  3.4  was  constructed  by  selecting  from  161  U*S.  input/output 
industries/  defined  by  the  U.S.  Department  of  Labor/  those  sectors  with 
annual  growtn  rates  exceeding  7  percent  in  either  the  1953-1976  or 
1959-1973  periods  (the  latter  period  presumably  excludes  the  distorting 
effects  of  the  1973  oil  price  rises  and  the  1975-76  recession).  This 
criterion  was  met  by  22  industries/  of  which  17  were  in  manufacturing/ 

2  in  transportation  and  communication/  and  3  in  services* 

Ui  the  17  "high-growth”  manufacturing  industries/  three  were  based 
on  cheap  petrochemicals  (plastic  and  synthetic  fiber  products)/  and  two 
based  on  new  products  whose  demand  was  associated  with  postwar 
affluence  (floor  coverings  and  bicycles)*  Of  the  remaining  12 
manufacturing  sectors/  five  were  major  SCD  users/  and  tnree  more 
significant  users  of  electronic  equipment  containing 
semiconductors.  11/  Communication  and  business  services/  also  on  the 
"high-growth"  list/  are  major  SCD  purchasers.  This  indicates  that 
semiconductor  devices  are  not  only  a  highly  important  growth  industry/ 
but  also  one  with  important  linkages  to  other  growth  industries. 


Table  3.4 
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High  Sxwtrfu.S.  Industries  (by  sector,  and  sise  of  output) 


Sector  (SIC) 


Product 

Description 


Constant! 

Growth  Bata  #Jobs  Output  .  Employment 

of  Output  Growth  Hates (million  (1000  jobs. 
58-76  59-73  56-76  59-73  >  76)  1976) 


^nufacturlnq 

4  307 

3B21-2 
283 
367 
358 

a  351 

I  3573-4 
3861 
225 
365 
2823-4 
3661 
1  384 

379 
227 
383.385 
375 

!bt  rtatlon 


-rauni  cation 
1  48 (-438) 


Plastic  Products 
Plaatiesssynthetic  Rubber 
Drugs 

Electronic  Components 
Service  Xnd.  Machinery 
Engines ,  Turbines ^generators 
Computers  £  Peripherals 
Photo  Equip  a  Supplies 
Hosiery  6  Knit  goods 
Radio  t  T.v.  sets 
Synthetic  Fibers 
Telephone  fi  Telegraph  App. 
Medical  £  Dental  Inst. 

Other  Transport  Equip 
Floor  Coverings 
Optical  £  Opthalmic  Equip. 
Cycles,  bicycles,  £  parts 


Air  Transportation 


Comunications  (radio, T.V.) 


11.5 

12.4 

7.4 

6.5 

20,480 

351 

9.7 

9.7 

1.6 

2.0 

20,240 

100 

8.2 

8.3 

3.0 

3.1 

14,746 

168 

7.9 

8.8 

3.8 

4.3 

11,349 

372 

7.6 

9.3 

3.8 

4.4 

10,235 

163 

6.2 

7.3 

2.1 

2.8 

10,058 

113 

9.5 

9.5 

5.2 

5.8 

9,825 

248 

10.2 

11.0 

4.3 

4.8 

9,192 

130 

7.3 

8.6 

1.4 

1.8 

8,870 

259 

8.4 

9.3 

1.6 

2.6 

7,275 

129 

9.3 

9.6 

3.2 

4.2 

6,497 

105 

6.8 

8.7 

2.7 

3.6 

5,832 

133 

8.7 

8.9 

5.6 

5.8 

5,554 

109 

12.3 

16.0 

11.8 

14.7 

5,437 

123 

9.8 

11.8 

3.9 

4.6 

3,657 

60 

8.9 

9.0 

3.1 

3.0 

2,151 

64 

11.4 

12.5 

3.1 

3.4 

1,054 

24 

9.1 

10.2 

5.1 

5.9 

20,798 

370 

7.6 

7.7 

2.2 

2.6 

48,069 

1,028 

rvices 

73C-731.7396),  7694 

Fee  *  Contract 

,  pt.  7699  Business  Services  7.9  8.6  6.7  7.1  63,279  2,173 

806  Hospitals  7.7  7.8  5.2  5.4  43,480  2,490 

% 

0722 , 807 , 809  <pt . 8099 ) °se§viees^C*^  8.1  8.5  10.6  10.8  17,610  1,139 

Motes*  1.  Greater  than  7« 

Constant  dollar  annual  growth  rates  over  58-76  or  59-73  periods, 
growth  rates  are  estimated  by  regression  method. 

Sources:  All  figures  based  on  data  in  U.S.  Department  of  Labor,  Bureau  of  Labor, 

4ur**u  of  Labor  Statistics,  Time  Series  Data  for  Input  Output  Industries 
(Washington  D.C.,  1979).  - ' - 


( 
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Casual  observation  would  suggest  that  many  of  these  are  "forward** 
linkages  to  other  growth  industries/  with  cheaper  and  innovative 
products  generating  new  demands  in  new  markets*  Industry  analysts 
claim  that/  on  average/  tne  value  of  the  semiconductor  content  of 
electronic  equipment  went  from  *5  percent  to  about  4  percent  between 
1970  and  1979.  li/  In  computer  applications/  that  percentage  has  risen 
from  about  l  1/2*  to  about  6*  of  the  value  of  equipment  in  those  ten 
years;  in  consuiuer/automotive  applications/  from  almost  zero  to  six 
percent;  in  industrial  applications/  from  nil  to  close  to  2%;  and  in 
government/military  applications/  from  1  1/21  to  about  2  1/21*  Since 
SCDs  were  rapidly  dropping  in  price  relative  to  the  general  level  of 
producer  prices/  as  well  as  in  relation  to  almost  all  specific 
industrial  product  prices/  the  real  SCO  content  of  all  these  products 
was  rising  even  faster  tnan  these  percentages  would  indicate* 

Nevertheless/  tne  most  important  use  of  semiconductors  is  in 
lowering  the  cost  of  computer  and  telecommunications  equipment*  In 
1977/  for  example/  tne  single  most  important  product  line  was  computer 
memory  chips/  which  accounted  for  at  least  17  percent  of  all  U.S*  SCO 
snipmentS/  or  about  29  percent  of  integrated  circuit  production? 
microprocessors  (the  processing  unit  of  a  minicomputer)  accounted  for 
another  4  percent  or  so  of  SCO  output.  L£/  Of  the  sixty  percent  of 

U*S*  semiconductor  output  consisting  of  integrated  circuits/  in  fact/ 

% 

some  86  percent  were  some  form  of  digital  logic  circuit* 

It  is  this  critical  link  to  the  computer  and  telecommunications 
industries/  rather  than  their  military  uses/  that  has  led  to  the  keen 
international  competition  that  now  grips  the  industry*  9illions  of 


dollars  in  public  resources  are  invested  as  a  matter  of  national 


policy/  by  wide  variety  of  governments/  in  semiconductors*  It  is 
increasingly  clear  that  semiconductor  technology  is  at  the  very  heart 
of  the  radical  changes  that  microelectronics  promises  for  the  very 
structure  of  the  modern  industrial  economy;  to  quote  Herbert  Simon/  "we 

i 

are  now  in  the  early  stages  of  a  revolution  in  processing  information 
that  shows  every  sign  of  being  as  fundamental  as  the  earlier  energy 
revolution  (the  Industrial  Revolution)."  14/ 

It  is  tnis  (now)  widely  perceived  promise  of  rapid  technological 
advance  tnat  explains  tne  depth  of  worldwide  interest  in  the  promotion 
of  national  seaiiconductor  industries*  Before  examining  the  nature  of  a 
variety  of  national  policies/  ani  how  they  have  affected  the  structure 
of  production  in  different  countries/  it  is  first  useful  to  look  at  the 
economics  of  semiconductors  and  their  manufacture. 
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4.  SfiDi£fiDdu£ii2i_£cfinflaii£5 

Certain  physical  features  of  semiconductors*  and  the  production 
processes  used  in  their  manufacture*  are  important  determinants  of  the 
pattern  of  international  trade  and  production  in  the  industry*  The 
most  important  physical  feature  of  semiconductors  is  that  their 
manufacture  involves  a  number  of  physically  discrete  and  separate 
production  steps.  In  the  beginning*  of  course*  a  firm  must  first 
invest  in  the  research  and  development  of  the  design  for  a  new  device* 
which  we  shall  assume  to  be  some  form  of  integrated  circuit  (tne 
sequence  of  production  steps  is  generally  similar*  though  considerably 
less  complex  technologically*  for  discrete  SCOs  like  transistors  and 
diodes).  Tne  production  process  itself  can  be  broken  into  three 


distinct  steps:  chip  fabrication*  chip  assembly*  and  testing  of  the 

frnisned  device,  la/ 

A  second  crucial  feature  of  semiconductors*  that  allows  the 
distinct  stages  of  production  to  be  separated  geographically*  is  their 
great  value  relative  to  their  weight.  Transports  costs  are  a  much 
smaller  fraction  of  value  than  for  almost  any  other  major  good  traded 
internationally.  In  a  sample  of  155  4-digit  Industries  taken  from  the 
1963  U.S.  Census  of  Manufactures*  SCDs  had  the  highest  value-to-weight 
ratio  of  any  industry.  Is/  Richard  Moxon's  estimates  of  value-to-weight 
ratios  for  electronic  industry  products  show  SCDs*  again*  with  the 
highest  such  ratios*  12/  based  on  1967  U.S.  Census  data.  A  recent 
Japanese  study  found  integrated  circuits  to  have  the  highest  price  per 
kilogram  of  major  Japanese  exports:  douule  taat  of  computers*  and  over 
'  3  tinker  that  of  color  T.V.  sets,  lfi/ 
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L  Value-to-weight  ratios  are  so  low/  in  fact/  that  insurance  costs 

probably  dominate  the  cost  of  transport.  If  freight  and  insurance 
costs  per  unit  are  examined/  for  example/  one  finds  that  such  charges 

m  per  unit  snipped  generally  vary  more  from  product  to  product/  for  a 

2 

single  country/  than  they  do  from  country-to-country  for  a  single 
product.  Transport  costs  generally  run  from  one  to  2.5  percent  of  the 
^  value  of  a  shipment/  for  a  wide  variety  of  products  having  vastly 
different  unit  values  (see  Table  4.  1). 

Tne  inference  to  oe  drawn  is  that  insurance  charges  dominate 
transport  cost S/  and  are  roughly  proportional  to  the  value  of  the 
snipment.  Variation  in  that  percentage  across  countries  probably 
reflects  the  risxs  of  shipping  out  of  different  ports/  as  well  as  the 
v  procedures  of  the  companies  involved  in  offshore  production  in 
different  locations. 

The  economic  implication  of  this  rough  proportionality  between 
H  transport  cost  and  the  value  of  an  item  is  important.  In  absolute 
terms/  a  high  value  item  (like  a  complex  IC)  is  likely  to  have  much 
larger  transport  costs  than  a  low  value  item/  so  that  these  costs  are  a 
i  much  more  significant  barrier  to  trade  for  more  expensive  types  of 
chips.  Nevertheless/  even  for  the  most  expensive  items  in  the  most 
remote  location/  transport  costs  rarely  exceed  two  percent  of  tne  value 
<  of  a  shipment. 

Very  low  transport  costs  make  a  widely-dispersed  geographical 
pattern  of  production  specialization  economic.  As  we  shall  see  in  tne 
i  next  sections/  the  industry  response  has  been  to  develop  an  extensive 

► 

two-way  trace  in  semiconductors/  with  components  being  shipped  out  of 
developed  countries  to  low-wage  LDCs/  and  returning  as  assembled 


X  Freight  t  Insurance/Custoes  Value,  1978 


devices  to  be  marketed  in  the  major  industrial  economies* 

Semiconductors  are  also  a  hignly  research-intensive  product*  For 
every  $10/0C0  in  sales  of  electronic  components/  the  industry  spent 
$700  on  research  and  development  in  1977*  Table  4*2  shows  this  to  be 
well  over  the  average  of  $306  per  $10/000  in  sales  spent  by  all 
U.S*  manufacturing  in  1977*  Interestingly  enough/  almost  all  the 
industries  which  show  up  as  highly  RwD  intensive/  by  this  definition/ 
are  also  high  growth  industries  that  appear  in  Table  3*3* 

The  semiconductor  industry/  in  fact/  spends  considerably  more  on 
research  and  development  than  the  average  for  all  components/  in  Table 
4*1/  would  indicate,  estimates  of  research  and  development  costs  as  a 
percent  of  SCL'  (and  IC)  sales  in  1977  are  about  $6*50  (and  $16*50)  per 
SlC/OOu  of  sales/  !£/  placing  the  industry  near  the  very  top  of  Table 
4.1* 

Electronic  components  -  and  particularly  semiconductors  -  are  also 

major  employers  of  skilled  scientific  and  technical  manpower*  Although 

no  direct  estimates  are  available  for  scientific  and  technical 

employment/  by  industry/  one  can  use  nonproduction  employment  as  a 

proxy- for  skilled  manpower  usage.  Among  our  "high-growth"  industries/ 

only  tne  computer  industry  employed  relatively  greater  numbers  of 

nonpr^guctlon  workers  in  1976.  Of  the  12G/G0C  nonproduction  employees 

in  electronic  component  manufacture  (compared  to  13S/G00  in  the 
v 

computer  industry)/  some  43  percent  work  in  semiconductor 
manufacture,  ifl/ 

Tne  design  of  a  new  semiconductor  device/  like  more  basic  types  of 
research/  makes  intensive  use  of  highly-skilled  scientific  manpower. 

The  development  of  an  advanced  microprocessor  chip/  for  example/ 
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Table  4.2 

Expand! ture  for  It  (  D  in  Manufacturing  Industry,  1977 
(Nat  industry  salas  in  peranthasis.  Billions )  - 


Aircraft  and  .nissles  (551 
Office,  computing  £  accounting  machine*  (23) 
Communications  equipment  &  communication  (37) 

^  Electronic  component*  (11) 

Drugs  and  medicines  (19) 

Optical, surgical,  photographic,  £  other  Inst.  (17) 

6  Scientific  £  Mechanical  Measuring  Instrument*  (7) 

■Radio  £  T.V.  receiving  equipment  &  all  other 
electrical  equipment  (47) 

^  atrial  chemicals  (41) 

Motor  vehicles  and  motor  vehicle  equipment  (106) 
Total  (All  Manufacturing)  (947) 

Bobber  products  (24) 

Monelectrical  machinery  (axel. off ice  equipment)  (53) 
Other  chemicals  (31) 

Fabricated  metal  products  (32) 

*  Stone, glass,  £  clay,  products  (24) 

Mon-ferrous  metals  and  products  (24) 

?aper  and  allied  products  (36) 

-q  lumber,  wood  products,  £  furniture  (171 
Tetroleum  refining  £  extraction  (138) 

Ferrous  metals  and  products  (45) 

Food  £  kindred  products  (95) 

*  >' ’  other  manufacturing  industries  (63) 


Total  R£D  /  Basic  Research 
per  $10,000  of  sales 


1298 

10 

1175 

18 

755 

39 

700 

6 

620 

70 

620 

7 

554 

15 

515 

6 

355 

35 

311 

1 

306 

9 

244 

4 

219 

16 

210 

20 

120 

1 

121 

17 

113 

4 

93 

2 

77 

4 

66 

3 

58 

1 

39 

2 

13 

8 

Souree:  national  Science  Board,  MSF,  Science  Indicators  1978  (Washington,  1979) 
Appendix  tables  4-2  and  4-10. 


requires  roughly  one  to  two  years  of  the  time  of  six  design  engineers; 
in  1978/  there  were  a  little  over  two  thousand  engineers  in  the  entire 
U.S.  with  tne  requisite  skills.  21/  The  design  facilities  for  major 
producers  of  semiconductors  are  generally  located  in  areas  with 
concentrations  of  trained  electrical  engineers  or  near  universities 
producing  these  skills:  "Silicon  Valley"'  near  Stanford  University/  and 
the  clustering  of  design  and  research  facilities  in  the  northeastern 
Washington  -Boston  urban  belt  are  prime  examples  of  this  phenomenon. 

The  availability  of  highly  skilled  manpower/  then/  is  the  prime 
determinant  of  tne  location  of  SCD  design  facilities.  Tnere  are 
numerous  examples  of  companies  locating  research  facilities  far  from 
their  major  area  of  operations;  most  recently  a  new  British  firm 
(Inmos)/  with  neadquarters  in  England  and  production  facilities  in 
Wales/  located  its  main  design  center  in  Colorado  Springs/ 

Colorado.  22/  Uther  major  U.S.  semiconductor  firms  have  design 
facilities  in  Israel  and  Japan/  thousands  of  miles  from  their  major 
production  locations;  tne  attraction  is  the  large  concentration  of 
research  engineers.  22/  Maturall y,  small-scale  pilot  production 
facilities  are  often  sited  witn  research  and  design  centers/  and 
considerable  support  employment  clusters  around  them. 

Qf  the  various  stages  of  actual  production/  chip  fabrication  is 
probably  the  most  costly  and  capital-intensive.  Extraordinarily 
expensive  machinery  is  required  for  the  creation  of  the  etched  silicon 
chip  containing  a  microcircuit;  a  typical  production  line  which  in  1965 
required  about  $1  million  in  equipment/  now  requires  an  expenditure  of 
$5C  million  or  more.  24/  Very  highly  automated  chip  fabrication  lines 
run  by  computers  have  recently  been  placed  in  production  by  IBM.  22/ 
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Tne  assembly  of  the  silicon  chip  —  bonding  it  to  its  leads  and 
packaging  it  --  is  where  the  greatest  technological  choice  exists/ 
and  where  the  impact  of  offshore  production  is  most  often  felt*  Since 
the  raid-197Cs,  most  of  the  major  semiconductor  firms  have  experimented 
with  machines  that  automate  the  bonding  process.  23/  The  alternative  is 
manual  assembly,  with  workers  bonding  and  encapsulating  chips  by  hand 
under  a  microscope* 

Tiie  predominantly  manual  nature  of  the  technology  used  until 
recently  by  most  !J.S.  firms  in  the  assembly  and  packaging  of 
semiconductors  is  apparent  when  compared  to  aggregate  statistics  for 
otnei  industries.  In  1975,  SCLs  were  estimated  to  have  required 
roughly  54  man-years  of  direct  labor  Input  per  million  dollars  of 
output.  Of  all  the  manufacturing  industries  found  in  tne  367  sector 
U.S.  input/output  taoles,  only  lace  goods,  combing  plants,  and 
pottery  —  all  much  less  important  industries  —  had  greater  labor 
input  requirements.  22/  .lotor  vehicles  and  computers,  by  way  of 
contrast,  required  about  9  and  23  man-years  of  direct  labor, 
respectively.  Apparel  manufacture  using  purchased  material  required 
about  35  man-years  per  million  dollars  of  output  in  1976. 

Two  features  of  manual  and  automated  assembly  processes  are 
important  determinants  of  their  economic  usefulness.  First,  since 
automated  assembly  involves  substantial  fixed  expenditures  on  equipment 
and  its  setup,  the  key  factor  in  the  profitability  of  automated 
assembly  is  the  volume  of  production  to  be  undertaken.  23/  For  long 
production  runs  it  makes  sense  to  carry  out  a  large  fixed  investment  in 
an  automated  line.  Manual  assembly  methods,  with  much  higher  variable 


costs  per  unit  assembled,  have  much  smaller  fixed  costs,  and  therefore 


make  much  more  sense  for  shorter  production  runs* 

Since  average  product  life/  historically/  has  tended  to  be  rather 
short  in  the  semiconductor  industry/  due  to  the  constant  rhythm  of 
technological  advance  in  SCD  design/  automated  assembly  facilities  have 
not  been  in  widespread  use  through  most  of  the  history  of  the  industry* 
Over  half  the  transistors  introduced  during  the  late  1953s/  for  example 
were  oosolete  within  two  years;  semiconductors  used  in  computer  systems 
during  the  mid-1970s  reportedly  had  about  the  same  24  month  life 
span.  22/  This  rapid  rate  of  obsolescence  in  products  leads  to 
relatively  snort  lives  for  producer  equipment  as  well;  the  average  life 
of  equipment  in  the  industry  is  probably  on  the  order  of  3  to  5 
years.  4£/ 

The  dangers  of  investing  in  highly  automated  production  equipment 
were  graphically  illustrated  to  tne  U.S.  industry  by  the  experience  of 
Philco/  a  major  producer/  in  the  l3te  I9o0s.  It  developed  a  highly 
automated  production  line  for  transistors/  with  a  considerable 
reduction  in  costs/  only  to  find  its  products/  and  its  stock  of 
technology  and  equipment/  obsolete  after  only  a  few  years/  and  so  ended 
up  quitting  tne  transistor  business.  21/  The  relatively  short  lives  of 
new  semiconductor  devices  have  historically  been  a  healthy  deterrent  to 
automation  for  most  U.S. -produced  semiconductors.  An  important  recent 
exception  is  that  of  some  computerror iented  chips/  whose  very  large 
market  size  makes  automated  assembly  economically  feasible*  22/ 

Length  of  production  run/  of  course/  is  not  the  only  determinant 
of  optimal  assembly  technique*  As  capital  becomes  cneaper  relative  to 
labor/  automation  becomes  more  and  more  economically  attractive*  A 
thorough  examination  of  the  economics  of  choice  of  technique  in 


semiconductor  assembly  is  provided  in  the  Appendix  to  this  section* 
ite  would  then  expect  the  use  of  automation  to  be  positively 
correlated  with  the  level  of  output/  and  the  relative  cheapness  of 
capital.  Because  large  firms  are  likely  to  have  both  large  production 
volumes  and  ample  amounts  of  cheaper  internally-generated  capital/  we 
might  expect  larger  firms  to  generally  be  more  automated/  and  such 
appears  to  be  the  case  in  the  U.S.  semiconductor  industry.  22/ 

Tne  other  major  factor  in  the  choice  between  manual  and  automated 
assembly  is  quality/  which  is  usually  measured  in  terms  of  the  number 
of  defective  assemblies  produced.  While  there  is  no  innerent  reason 
why  a  numan  being  must  produce  more  defects  than  a  possibly  delicate 
and  easily  misaligned  machine/  their  detection  is  certainly  much  easier 
with  an  automated  process.  With  a  person  doing  manual  assembly  work/ 
detects  tenu  to  be  more  or  less  randomized/  while  a  machine  tends  to 
produce  acceptable  output  until  it  produces  its  first  defect/  and  after 
which  it  generally  produces  nothing  but  defects  until  diagnosed/  and 
fixea.  Inis  serial  correlation  among  defective  pieces  reduces  the  cost 
of  detecting  defects  from  a  machine-run  process.  Thus/  it  is  probably 
cheaper  to  produce  with  extremely  low  defect  rates  for  the  finished 
product  with  an  automated  assembly  line.  On  the  other  hand/  it  may  be 
more  costly  to  produce  this  way/  in  which  case  the  economic  benefit  of 
a  low  reject  rate  to  final  consumers/  and  how  much  they  are  willing  to 
pay  for  a  lower  rejection  rate/  become  the  crux  of  the  matter.  24/ 

The  last  stage  of  semiconductor  production  is  testing  of  the 
finished  prouuct.  Testing  of  a  complex  integrated  circuit  requires  the 
use  of  expensive  computerized  test  equipment/  and  thus  tends  to  be  a 
ratner  capital-intensive  process.  Simpler  devices  can  be  tested  on 
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less  sophisticated  equipment/  but  since  integrated  circuits  have  become 
a  progressively  larger  part  of  the  semiconductor  market/  the  testing 
stage  as  a  whole  has  probably  become  more  capital  intensive  in  recent 
years. 

These  four  basic  steps  —  design/  chip  fabrication/  assembly/ 
and  testing  —  are  characterized  by  important  "learning*'  effects. 

That  is /  important  reductions  in  unit  cost  are  obtained  as  production 
experience  is  accumulated.  The  so-called  "learning"  or  "experience" 
curve  is  estimated  to  lower  the  unit  cost  of  producing  an  SCO  20  to  30 
percent  every  time  cumulated  production  doubles.  2£/  Tnese  economies 
are  thought  to  be  mainly  the  product  of  improvements  in  yields  from 
basic  production  processes/  rather  than  learning  by  doing  on  the  part 
of  production  workers.  The  learning  economies  occur  mainly  in  the 
wafer  fabrication  and  processing  stages  of  manufacture/  which  are 
cap itai- intensive. 

This/  incidentally/  means  that  assembly  costs  tend  to  be  more 

important  in  tne  cost  of  producing  a  mature  product/  than  in  a  recent 

innovation.  Since  process  yields  improve  much  more  quickly  than  any 

other  factor  affecting  production  cost/  chip  fabrication  costs  drop 
% 

relative  to  assembly  costs  as  a  product  matures.  i&/ 

The  large  fixed  overhead  in  these  fabrication  processes  also 
\ 

creates  certain  economies  of  scale/  as  well;  the  same  sorts  of 
% 

economies  of  scale  can  exist  in  final  testing/  which  requires  costly 
testing  equipment  for  complex  devices.  22/  Manual  bonding/  assembly/ 
ana  encapsulation  operations/  on  the  other  hand/  are  labor  intensive/ 
and  afford  no  significant  scale  or  learning  economies  to  U.S* 
producers.  24/  Research  and  development  expenditure  is  another 


important  source  of  economies  of  scale/  as  are  the  fixed  costs  of  an 


automated  assembly  facility* 

Assembly  costs  play  an  important  role  in  determining  the  louest 
cost  density  of  components  to  be  used  in  a  single  microcircuit*  the 
Appendix  to  this  section  makes  several  important  points: 

1*  Lowering  the  costs  of  assembly  also  lowers  the  optimal  number 
of  circuit  elements  packed  on  a  single  chip  (chip  density/  or 
the  level  of  integration);  it  becomes  cheaper  to  spread  a 
fixed  number  of  functions  over  more  cnips. 

i.  1 echnological  advance  which  lower  the  costs  of  chip 
fabrication  and  design  increase  the  optimal  density  of 
components  on  a  single  chip* 

3.  Since  the  costs  of  detecting  and  replacing  a  defective  chip  in 
the  manufacture  of  electronic  equipment  vary  with  the 
complexity  and  cost  of  the  equipment/  a  differentiated  market 
for  chips  of  varying  densities/  for  use  in  different  sorts  of 
applications/  will  exist* 

4.  Manual  assembly  techniques  will  be  most  economical  in  the 
manufacture  of  low  density  chips  to  be  used  in  less  complex 
electronic  products/  while  automated  techniques  (which  are 
assumed  to  produce  lower  defect  rates  for  finished  microchips) 
will  be  used  more  frequently  in  more  complex  and  expensive 
products/  using  higher  density  chips. 

There  are  noticeable  international  differences  in  the  types  of 
assembly  techniques  used  in  the  manufacture  of  semiconductors.  Japan 
and  France/  for  example/  are  said  to  lead  in  the  use  of  automated 


bonding/  while  U. S.  firms  lag*  22/  To  explain  these  differences/  as 
well  as  even  more  significant  variations  in  the  characteristics  of 
different  national  semiconductor  industries/  we  must  first  examine  the 
national  industrial  and  trade  policies  affecting  the  industry* 


406 


Appendix  to  Section  4 


&£latlK£_E£i£££ 

As  discussed  in  the  text/  the  length  of  production  run  is  a  major 
—  i>ut  not  tne  only  —  factor  affecting  the  choice  between  manual  and 
automated  assembly  technologies.  The  relative  costs  of  labor  and 
capital  inputs  will  play  an  important  role  in  the  selection  of 
tecnniques.  Figure  4*1  illustrates  the  choice  of  an  assembly 
technology  by  a  producer.  The  *+'s  represent  the  combinations  of  labor 
and  capital  required  to  produce  various  levels  of  output  using 
automated  assembly  techniques/  while  the  #.'s  represent  the 
labor/capital  combinations  needed  to  assemble  those  same  volumes  of 
output  manually.  The  dotted  lines/  labelled  Io  through  17  represent 
iS&JUbOlS  for  different  levels  of  output  (a  point  on  the  isoquant 
represents  the  amounts  of  labor  and  capital  used  for  a  given  level  of 
output  if  maximum  output  is  produced  with  any  given  combination  of 
laoor  and  capital).  The  least  cost  technology  is  that  in  use  where  the 
isoquant  is  just  tanyent  to  a  line  having  a  slope  proportional  to  the 
ratio  of  the  price  of  capital  to  the  price  of  labor/  sucn  as  the  solid 
line  in  Figure  4*1. 

The  way  the  figure  has  been  drawn/  there  are  some  fixed  labor 
costs/  as  well  as  fixed  capital  costs/  so  that  at  low  levels  of  output 
(such  as  the  level  corresponding  tolo)  manual  assembly  dominates 
automated  technology/  no  matter  what  the  relative  prices  of  capital  and 
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labor  are.  As  production  levels  increase/  the  labor  required  by  Manual 
assembly  increases  much  faster  than  that  required  by  automated 
assembly/  and  the  portion  of  the  isoquant  joining  the  tuo  methods 
rotates  slowly  to  the  left.  Manual  assembly  continues  to  be  less 
costly  until  output  level  5  is  reached/  at  wnich  point  botn  methods 
produce  at  the  same  cost  (and  the  entire  portion  of  the  isoquant 
joining  them  nas  slope  exactly  equal  to  negative  the  price  ratio).  At 
the  output  level  corresponding  to  16/  automated  assembly  has  become 
more  economic.  At  17/  it  now  dominates  manual  assembly  at  any  relative 
prices. 

Figure  4-1  illustrates  some  stylized  facts  about  the  economics  of 
assembly  technology.  At  very  small  levels  of  production/  manual 
assemmy  is  likely  to  be  cheapest  no  matter  what  the  relative  costs  of 
labor  and  capital.  At  higher  levels  of  output/  the  relative  costs  of 
inputs  are  tne  key  determinant  of  the  technique  used/  uitn  the  use  of 
automated  methods  eventually  cheapest  at  some  large  volume  of 
production.  Also/  the  cheaper  the  price  of  capital  relative  to  labor/ 
the  sooner  it  becomes  economic  to  switch  to  automated  techniques. 

£Ql(U££Q£ily 

Given  any  volume  of  chip  production  (which  determines  what 
economies  of  scale  are  enjoyed)/  assembly  and  testing  costs  are 
approximately  fixed  per  chip/  no  matter  now  many  elements  are  crammed 
into  the  circuit.  Research  and  fabrication  costs/  to  a  close 
approximation/  are  basically  proportional  to  the  number  of  elements  in 
the  circuit.  4£/  Taking  into  account  that  the  probability  that  the 
circuit  functions  correctly  declines  witn  the  number  of  elements  on  the 


chip#  cost  curves  like  those  depicted  in  Figure  4*2  are  appropriate  for 
describing  the  technology.  41/ 

Curves  » AC»t  ACdf  refer#  respectively#  to  the  average  cost  per 

circuit  element  of  assembly  and  testing#  and  of  design  and  fabrication. 

Curve  ATC  represents  average  total  cost#  the  sum  of  AC*t  and  ACdf  . 

Curve  MCdf  is  the  marginal  cost  per  circuit  element  of  research  and 

chip  fabrication#  but  is  also  total  marginal  cost  per  circuit  element# 

since  chip  assembly  and  test  costs  are  essentially  fixed.  The 

intersection  of  curve  MCdf  with  ATC  gives  the  point  where  ATC  is  at  its 

minimum#  where  cost  per  electrical  function  is  lowest.  Robert  Noyce 

has  argued  that  competitive  producers  eventually  tend  to  produce  with 

the  level  of  circuit  integration  that  minimizes  cost  per  function.  42/ 

A  decline  in  trie  cost  of  assembling  and  testing  a  chip  shifts  ACat 

to  the  left#  and  hence  ATC  as  well#  but  leaves  MCdf  unchanged.  Thus#  a 

drop  in  assembly  and  testing  costs  moves  the  intersection  of  ^df  and 

ATC  to  the  left#  and  the  cost  per  electrical  circuit  element  is 

minimized  at  a  lower  level  of  integration.  Ur#  to  put  it  more 

intuitively#  as  assembly  costs  per  chip  decline#  it  becomes  wore 

economic  to  spread  a  given  number  of  circuit  functions  over  more  chips. 

% 

Similarly#  as  technological  advances  make  it  cheaper  to 

manufacture  densely  packed  chips#  both  MCdf  ACdf  shift  to  the 

\ 

right*  as  does  ATC  and  its  minimum.  It  becomes  more  economic  to  cram 
% 

more  functions  on  a  chip. 

Ihanges  in  the  volume  of  chip  production  will  displace  the  Acat  # 
«Cdf#  ajxd  ACdf  curves#  if  scale  economies  exist  in  either  the  design 
and  fabrication#  or  assembly  and  testing  phases  of  production.  In 
general#  it  is  impossible  to  predict  the  net  effect  of  changes  in 
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FIGURE  4-2 
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production  volume  on  chip  density. 

Within  this  simple  framework/  it  is  also  possible  to  analyze  the 
relation  between  cnip  quality  ana  the  assembly  process. used  in  bonding 
and  packaging  the  chip.  As  mentioned  before/  it  may  often  be  cheaper 
to  assemble  chips  (with  smaller  production  volumes)  using  manual 
techniques/  but  quality  (in  terms  of  rejection  rates)  of  the  finished 
product  may  be  lower  because  of  the  greater  difficulty  in  detecting 
substandard  chips  on  a  manual  line. 

•dhen  a  substandard  chip  is  incorporated  into  a  piece  of  equipment 
by  a  produce!  who  uses  microchips  in  his  product/  a  cost  — •  call  it 
M  --  is  imposed/  which  reflects  the  cost  of  scrapping  the 
malfunctioning  equipment/  or  of  locating  and  replacing  tae  bad  chip. 
This  cost  (f-.)  is  probaoly  much  higher  for  a  chip  used  in  a  complex  or 
expensive  piece  of  equipment.  If  the  probability  of  a  bad  chip  (the 
rejection  rate)  is  t,  this  "quality  cost"  per  chip  to  tae  user  of  a 
chip  will  be  r M /  with  M  varying  frcm  user  to  user. 

Figure  4-3  illustrates  that  the  effect  of  this  "quality  cost"  is 
economically  indistinguishable  from  an  increase  in  the  fixed  assembly 
and  test  cost  per  chip/  and  has  the  effect  of  shifting  out  the 
curve.  In  Figure  4-3/  AC  at  greater  than  AC  at  (with  superscripts  A 
and  K  referring  to  automated  and  manual  assembly  methods/ 
respectively)/  reflecting  our  assumption  that  at  the  given  volume  of 
chip  production/  automated  methods  are  more  expensive  than  manual 
methods.  The  "quality  cost"  of  an  automatically  assembled  chip  is 
lower/  however/  because  of  a  lower  rejection  rate  (r)/  and  therefore 
shifts  out  the  total  assembly  cost  much  less.  For  "cheap"  equipment 
(low  A),  however/  tuis  makes  no  difference  in  the  selection  of  assembly 


technique  (tnough  it  will  increase  optional  chip  density).  *li t h 
expensive  equipment  (high  M)/  though  the  shift  due  to  "quality  cost" 
uill  be  much  greater  so  that  when  net  costs  per  installed  electrical 
function  are  calculated/  automated  assembly  may  end  up  being  cheaper  to 
a  maker  of  complex  and  expensive  electronic  products.  Note  also  that 
optimal  levels  of  integration  (density  of  circuit  elements  on  a  chip) 
rises  for  the  more  expensive  equipment. 

Ve  conclude  that  automated  assembly  is  more  likely  to  be  less 
costly  than  manual  assembly  for  component  installed  in  more  complex  and 
expensive  user  products/  and  tnat  the  optimal  level  of  chip  integration 
xs  thus  lixeiy  to  oe  higher  for  more  expensive  user  products. 
Conversely/  uncomplicated/  cheaper  products  are  more  likely  to  use 
manually  assemoled  chips  witn  loner  levels  of  integration  on  tne  chips. 

Tnis  analysis  assumes  that  the  volume  of  chip  production  is  small 
enough  so  that  the  average  cost  of  assembling  a  chip  is  lower  with 
manual  bonding  and  packaging/  and  that  a  quality  versus  cost  tradeoff 
therefore  exists.  If  the  volume  of  chip  production  is  such  that 
automated  assembly  is  cheaper  than  manual  assembly/  no  sucn  tradeoff 
exists/  and  automated  assembly  will  always  be  used. 

Less  complex  products  will  still/  however/  be  produced  with  the 
cheapest  circuit  elements  at  a  lower  level  of  chip  density/  while  more 
complex  products  will  be  most  economically  produced  with  higher  levels 
of  chip  density.  Thus/  a  differentiated  market  for  chips  witn 
different  levels  of  integration  may  quite  plausibly  continue  to  exist. 
To  put  it  more  intuitively/  a  producer  of  compie  equipment/  for  whom 
it  is  very  difficult  to  locate  a  bad  component/  ought  to  be  willing  to 
pay  more  for  higher  levels  of  integration  so  that  there  are  less 


{ 

components  to  check. 
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Mathematical  Addendum  to  Appendix,  Section  4 


Let  N  ■  number  of  electrical  functions  per  chip; 
dN  ■  design  costs  per  chip,  d  a  constant; 

fN  *  fabrication  costs  per  chip,  f  a  constant; 

d  •  the  probability  that  a  fabricated  chip  will  function 

correctly,  with  d  the  probability  that  any  single 
element  functions  correctly,  with  statistical  in¬ 
depence  of  functioning  circuit  elements  assumed; 
a  -  average  assembly  cost  per  fabricated  chip,  constant; 

t  -  average  testing  cost  per  fabricated  chip,  constant. 

Then  total  cost  for  a  chip  with  N  elements  on  it  is 


Since  d  lies  between  0  and  1,  6  must  be  greater  than  zero,  and  decrease 

% 

as  d  Increases.  Marginal  cost  per  function  (of  design  and  fabrication)  is 
MCjjp  -  (8  +  I)  (  d  +  f  )  N  eBN  ; 


*  The  ideas  on  the  shape  of  the  cost  curves  for  electrical  circuit  elements 
are  based  on  Robert 'Noyce  (1977).  The  comparative  statics  are  mine,  as  are 

•  •  :  r  coetf "  and  their  relation  to  assembly  technique  and 
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average  cost  per  function  is  given  by 


ATC  m  AC^y  +  ACqp 

where  AC  »  (  a  +t  ) 

AT  N 

“bp  -  <  d  +  *  >  * 

so  we  can  rewrite 

mcdf  -  (  1  +  bn)  acdf  . 


Minimum  ATC  Is  at  the  point  where 


(since  MC  -  0) 
AT 


ATC  -  MCjjj.  ,  or 


(  a  +  t  ) 


8N2  (  d  +  f  )  e8N  . 


clearly. 


iiL  .  9N 

9a  9 1 


9N  _  9N 
3d  9f 


3N 

96 


_ 1 _ 

ACjjp  (2  BN  +  6*  N2  ) 

_ -N _ 

(  d  +  f  )  (  2  +  BN) 

-  (  N2  +  BN3  ) 

(  2BN  +  B2  N2  ) 


>  o 

<  0 

<  0 


In  other  words,  the  optimal  number  of  circuit  elements  per  chip  (N) 
-  Increases  (decreases)  as  assembly  or  test  costs  per  chip 
Increase  (decrease) 


-  decreases  (Increases)  as  design  or  fabrication  cost  per 
element  increase  (decrease) 

-  decreases  (Increases)  as  the  probability  of  a  malfunctioning 
element  Increases  (decreases). 

Quality  Adjustments 

Suppose  a  user  of  semiconductors  must  detect  and  replace  malfunctioning 

chips.  The  cost  of  a  malfunctioning  chip  is  M  ,  which  presumably 

reflects  the  cost  of  scrapping  malfunctioning  equipment  containing  the 

chip,  or  the  cost  of  finding,  detecting,  and  replacing  the  bad  chip.  It 

is  reasonable  to  assume  that  the  store  complex  and  expensive  the  equipment 

containing  the  chips,  the  greater  M  . 

The  "quality  cost"  to  a  chip  user  of  the  chip  used  will  be  r 

with  r  the  reject  rate  for  chips  purchased.  The  quality  cost  per 

electrical  function  is  just  rM  .  Differences  in  chip  quality 

N 

(rejection  rates) .from  the  viewpoint  of  the  chip  user,  smount  to  a  surcharge 
of  rM  added  on  to  the  assembly  and  testing  cost  (  a  +  t  )  for  the  chip. 
It  will  be  different,  for  different  users,  however,  since  M  varies  with 
the  type  of  equipment  in  which  the  chip  is  used. 


5 . 


Because  of  the  importance  of  SCO  production  as  a  growth  industry/ 
as  a  primary  user  of  technical  and  scientific  resources/  and  as  a  key 
source  of  technological  innovations  linked  to  many  other  important 
sectors  of  the  economy/  it  has  become  a  focus  for  economic  policy 
deoate  in  most  Western  economies.  Certain  characteristics  of  the 
industry  —  especially/  the  significance  of  learning  and  scale 
economies  for  cost  reduction/  and  extensive  research  and  development 
programs  —  have  led  to  various  proposals  for  rationalization  of  the 
industry/  protection  from  international  competition/  public  investment/ 
and  other  forms  of  national  industrial  policy. 

Tne  implication  of  significant  learning  and  scale  economies  for 
firm  competitiveness  is  that  the  best  strategy  for  reducing  production 

cost  is  to  concentrate  experience  and  output  in  as  few  a  number  of 

✓ 

firms  as  possible;  this  may/  however/  have  negative  effects  on 
innovation  it,  as  lilton  found/  ££/  small  firms  are  leaders  in  the 
development  and  diffusion  of  new  and  untried  technologies.  Market 
share  will  be  a  critical  determinant  of  how  fast  production  experience 
can  be  accumulated.  Hence/  a  variation  on  the  "infant  industry" 
argument  for  protection  can  be  made  for  erecting  trade  barriers  around 
national  markets  in  order  to  allow  national  firms  to  acquire  the  volume 
of  cumulative  output  that  will  make  them  competitive  with  established 
foreign  producers,  i*/ 

Finally/  the  fixed  costs  of  research  and  development  present  a 
public  goods  problem  to  producers/  given  that  new  technologies  diffuse 
rapidly  to  competitors.  The  temporal  "window"  in  which  a  producer  can 
cnange  a  premium  over  the  cost  of  manufacture  for  a  new  device'  or 
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technology/  to  pay  back  the  generally  large  fcib  costs  Incurred  in  its 
creation/  may  be  brief.  Government  financial  support  for  research 
programs/  tied  pernaps  to  centralized  coordination  and  sharing  of 
research  among  competing  national  firms/  is  a  rational  policy  response 
uhen  new  technology  cannot  be  appropriated  by  the  firm  undertaking  the 
research.  She  historical  record  indicates  that  firms  cannot  generally 
prevent  competitors  from  swiftly  acquiring  new  techniques/  and  that 
patent  and  licensing  barriers  are  an  ineffective  means  of  protecting 
proprietary  information  in  this  industry.  $%/ 

In  fact/  it  may  be  argued  tnat  market  failures  to  guarantee 
innovators  a  period  of  rents  on  their  new  technology  long  enough  to 
stimulate  the  socially  correct  amount  of  risky  investment/  but  not  so 
long  as  to  impede  further  technical  progress  or  to  prevent  price  from 
eventually  dropping  to  the  (socially-eff icient)  marginal  cost/  are  an 
important  reason  for  state  intervention.  An  optimal  policy  mignt 
compensate  innovators  for  developing  a  cost-reducing  innovation/  then 
distriuute  it  free  of  charge  to  all  producers  in  a  competitive  national 
incustry/  who  would  charge  consumers  their  new  marginal  cost  of 
production  for  the  product.  4£/ 

Also/  because  individual  firms  may  have  limited  abilities  to  bear 
risk  due  to  the  imperfections  of  financial  institutions/  government 
intervention  may  be  required  merely  because  of  the  great  riskiness  of 
research  investment  that  is  nevertheless  socially  desirable,  We 
conclude  that  government  intervention  in  the  research  and  development 
phases  of  the  semiconductor  industry  is  readily  explained/  since/  to 
quott  .r:o»  expect  a  free  enterprise  economy  to  underinvest 

in  invention  and  research  (as  compared  with  an  ideal)  because  it  is 


risky/  because  the  product  can  be  appropriated  only  to  a  Halted 
extent/  and  because  of  Increasing  returns  in  use."  42/ 

■> 

The  remainder  of  this  section  briefly  outlines  the  main  Industrial 
policies  that  have  been  pursued  in  Western  Europe/  Japan/  and  the 
united  States/  which  affect  the  semiconductor  industry*  These  policies 
have  had  important  effects  on  the  international  patterns  of 
specialization  in  semiconductor  production  that  will  be  the  focus  of 
the  remainder  of  this  paper* 

The  European  Economic  Community's  common  external  tariff  on 
semiconductors  —  17  percent  —  is  high  enough  to  afford  a 

significant  protection  to  producers  within  the  boundaries  of  the  Common 
Market.  Tnere  are/  moreover/  a  number  of  additional  policies  in 
different  memoer  countries  that  further  restrict  imports:  44/  France 
and  Entain  reportedly  had  a  system  of  informal  administrative  quotas; 
both  the  British  and  French  used  their  military  procurement  activities 
to  selectively  favor  domestic  production  on  national  security  grounds; 
mucn  of  the  EEC  governments'  procurement/  including  the  purchases  of 
state  telecommunications  enterprises/  reportedly  offers  similar 
incentives  to  national  producers;  and  EEC  "Rules  of  origin/"  limiting 
intra-EEC  duty-free  trade  to  electronic  products  with  less  than  a  five 
percent  imported  component  content/  effectively  limit  demand  for 
foreign  components. 

There  are  also  some  carefully  controlled  ways  to  evade  these  high 
b£C  tariffs,  rirst/  the  tariff  rate  on  silicon  wafers  not  yet  cut  into 
chips/  and  ether  SCO  parts/  is  only  9  percent/  encouraging  the 


establishment  of  assembly  operations  to  cut/  bond/  test  and  package 
chips  for  the  European  market  within  the  EEC  tariff  walls*  In  fact/  of 

4 

34  0 *S*  -owned  European  SCO  operations  inventoried  in  the  spring  of 
1974/  42/  18  were  so-called  "point-of-sale"  assembly  operations* 

Fifteen  U.S.  operations  were  complete  manufacturing  facilities/  and  one 
an  offshore  assembly  facility  servicing  third-country  markets* 

Semiconductors  were  also  eligible  for  duty-free  import  into  the 
EEC  from  designated  LDCs  under  the  Community's  Generalized  Tariff 
Preferences  Scheme  (GSP).  In  addition  to  per-country  52/  preferential 
trade  ceilings  (20%  of  total  EEC  imports  as  of  1978)/  51/  SCDs  have 
been  subject  to  special  quotas/  and  a  *»0  percent  maximum  on  the  value 
of  imported  inputs  processed  into  the  final  product.  52/  In  1971/  the 
entire  EEC  GSP  quota  on  transistors  and  parts  amounted  to  $1*3  million 
(compared  to  total  EEC  imports  of  $13f  million  in  1968/  of  which 
$166/ CUv  came  from  potential  beneficiary  countries).  52/  In  1978/  the 
entire  EEC  semiconductor  GSP  quota  was  set  at  about  $9  million  (7*6 
million  EEC  units  of  account)/  or  a  little  less  than  *35  percent  of  the 
estimated  European  consumption  of  semiconductors  (found  in  Table  8.1). 
As  has  been  the  case  with  earlier  EEC  GSP  quotas/  the  main  effect  of 
the  quota  system  has  prooably  been  to  favor  selected  national  firms 
with  tariff-created  rents.  54/ 

X 

Yet  anotner  method  of  penetrating  EEC  tariff  barriers  is  to  use 
the  EtCs  so-called  "outward  processing"  regulations.  These  regulations 
(various  national  regulations  were  harmonized  in  1975)  55/  basically 
impose  the  EEC  tariff  only  on  the  value  added  overseas  to  EEC  goods 
exported  for  fabrication  or  processing/  and  later  re-imported/  subject 
to  three  major  conditions.  First/  the  transaction  must  have  the  prior 


approval  of  the  national  customs  authority*  by  general  or  special 
authorization*  and  must  not  cause  serious  damage  to  the  essential 
interest  of  EEC  processors.  Second*  the  beneficiaries  of  the  procedure 
must  be  national  or  legal  persons  established  within  the  EEC  wno  have 
the  processing  carried  out.  Third*  duty  relief  is  set  egual  to  the 
duty  that  would  have  been  levied  on  the  untransformed  component  export. 

This  last  condition  can  have  peculiar  effects  if  the  component  is 
subject  to  a  different  tariff  rate  than  the  final  product.  In 
semiconductors*  for  example*  since  parts  and  unfinished  wafers  are 
subject  to  only  a  9  percent  duty  (as  opposed  to  17  percent  on  the 
finisned  product)*  an  integrated  circuit  assembled  overseas  from  an 
EEC-produced  chip  gets  duty  relief  ejual  only  to  9  percent  of  the  value 
of  the  chip  export;  i.  e.  a  duty  of  17%  is  paid  on  value  added 
overseas*  and  an  8  percent  duty  paid  on  the  re-imported  chip.  Clearly* 
this  is  not  a  very  attractive  procedure  when  the  component  export  has  a 
duty  rate  very  much  lower  tnan  tne  duty  rate  on  the  final  product*  as 
is  the  case  with  semiconductors.  As  we  shall  see  below*  while  SCDs  are 
definitely  being  re-imported  into  tne  EEC  after  processing  overseas*  it 
is  unlikely  that  this  is  a  major  factor  in  EEC  semiconductor  imports. 

Finally*  in  addition  to  protecting  their  national  SCD  industries* 
most  Ec.C  countries  have  extended  significant  subsidies  to  their 
industries*  especially  in  the  funding  of  research  and  development.  ££/ 
State  funding  for  microcircuit  research  and  development  programs  by 
national  firms  reportedly  has  amounted  to  $3C0  million  over  two  years 
in  West  Germany*  about  the  same  figure  for  Fiance*  and  $300  million 
over  3-o  years  in  the  United  Kingdom.  In  1977*  French  government 
research  grants  reportedly  amounted  to  one-third  of  research  and 


development  spending  by  electronics  firms.  The  EEC  had  proposed  a 
Community-wide  program  that  would  have  cost  *100  million  per  year  over 
the  five  years  ending  in  1982/  and  has  been  assembling  more  proposals 
for  Joint  KLo  in  microelectronics.  Netherlands  and  Italy  are  also 
reported  to  provide  important  government  monies  for  research  and 
development  of  semiconductor  technology. 

llC  countries/  perhaps  focusing  on  the  possible  competitive 
advantage  to  be  had  from  concentrating  production  experience/  and 
subsequent  learning  economies/  in  a  small  number  of  firms/  have  also 
attempted  to  "rationalize"  their  industries  by  encouraging  mergers  or 
concentrating  their  aid  on  a  single  national  "champion"  firm.  In 
France/  Sescosem/  a  subsidiary  of  tne  French  industrial  giant 
Thomson-CSF,  has  received  a  disproportionate  share  of  government  aid  in 
tne  past.  In  Germany/  Siemens  receives  most  support/  while  in  the 
Netherlands/  Philips  is  the  only  national  producer.  SGS-ATSS/  in 
Italy/  is  a  government-controlled  enterprise  responsible  for  60  percent 
of  employment  in  the  Italian  industry.  The  british  government  is 
funding  the  development  of  a  brand  new  firm/  Tnmos/  in  an  effort  to 
recapture  its  own  market. 

tld&au 

The  tariff  applied  to  most  discrete  SCDs  was  (before  the  Tokyo 
round  cuts)  six  percent  in  Japan/  while  1C S/  light-emitting  diodes/  and 
certain  other  products  were  levied  a  twelve  percent  rate.  These  rates/ 
while  not  as  steep  as  those  prevailing  in  the  European  common  market/ 
offered  significant  protection  to  national  producers.  Although  Texas 
Instruments  is  the  only  American  producer  to  successfully  sell  on  the 


Japanese  market  with  a  large  scale  manufacturing  facility/  other  U.S. 
manufacturers  are  quite  openly  eager  to  do  so*  £2/ 

Import  quotas  were  also  used  to  protect  the  Japanese  market.  At 
the  end  of  the  Kennedy  Round  tariff  cuts/  in  1972/  the  very  high 
tariffs  that  protected  Japanese  markets  in  the  1960s  were  superseded  by 
quotas  on  particularly  sensitive  items.  These  included  integrated 
citcuits  and  computer  parts/  but  were  discontinued  in  the 
mid-197Cs.  ££/  As  in  the  EEC/  government  procurement  policies  are  said 
to  favor  domestic  suppliers.  pS>/ 

In  fact/  J.S.  industry  sources  have  claimed  that  Japanese 
government  procurement  oi  advanced  design  computers  has  subsidized  the 
production  of  advanced  semiconductor  components  in  much  the  same  way 
that  military  aemand  fun  led  the  U.S.  industry  in  the  late  195Cs  and 
early  1960s.  In  the  J.S./  by  way  of  contrast/  the  typical  computer 
used  by  the  Federal  government  is  six  years  behind  the  state  of  the 
art.  lhe  Japanese  government/  by  subsidizing  the  lease  of 
computers/  has  also  acted  to  increase  the  use  of  recent  vintage 
computers  in  the  private  sector.  £1/ 

Japan  also  has  a  GSP  system/  much  like  the  EEC's  system.  As  with 
the  EEC's  system/  overall  quotas  limit  the  use  of  these  preferences  for 
specific  products/  in  addition  to  per  country  limits.  In  1970/  the 
annualized  ceiling  on  GSP  imports  of  integrated  circuits  was  about  $2 
million  (roughly  3.5  percent  of  all  Japanese  l.C  imports  in  that  year)/ 
with  actual  GSP  imports  from  LDCs  coming  to  $1.3  million.  £2/  By  1978/ 
the  overall  quota  had  risen  to  about  $62  million  (about  24  percent  of 
1978  l.C  imports)/  and  actual  GSP  imports  from  LDCs  came  to  $44 
million.  ££/  In  fact/  all  Japanese  l.C  imports  from  LDCs  came  to  only 


$44  million  Call  from  Asia)/  implying  that  virtually  all  1C  imports 
from  Asia  entered  under  USP.  64/  U.S.  affiliates  in  LOCs  apparently 
used  tnese  provisions  to  export  to  Japan  duty-free  in  the  1970s/  65/ 
but  there  is  reason  to  believe  that  this  may  be  of  diminishing 
importance  as  a  major  factor  in  U.S.  -controlled  exports  to  Japan.  For 
one  thing/  Japanese  customs  officials  apparently  treat  imports  from 
U.S.  offshore  production  affiliates  as  U.S.  imports  if  more  than  half 
of  tae  value-added  originated  in  tne  U.S.  ££/  Since  this  treatment 
would  leave  these  imports  ineligible  for  SSP/  and  since  (as  shall  be 
seen  below)  of isnore-produced  semiconductors  entering  the  U.S. 
typically  have  a  U.S.  -made  content  in  excess  of  half  the  customs 
value/  it  is  likely  that  many  such  imports  are  ineligible  for  the 
Japanese  GSh.  £2/  with  the  use  of  increasingly  complex  (and  costly) 
cnips  in  integrated  circuits/  the  recent  trend  nas  been  to  even  higher 
relative  values  for  U.S.  content. 

Tne  Japanese  also  have  a  tariff  provision  much  line  the  Furopean 
"outward  processing"  regulations.  Certain  designated  manufactured 
imports/  with  the  prior  authorization  of  customs  authorities/  can  be 
granted  duty  relief  on  their  Japanese  component  content.  Various  types 
of  SCDs  and  computer  parts  are  on  the  list  of  eligible  products.  68/ 
American  raanuf acturers  have  asserted  that  Japanese-produced 
semiconductors  enter  Japan  from  offshore  under  these  provisions.  &£/ 

Tariffs/  however/  wiil  soon  be  a  much  less  important  influence  on 
production  for  the  Japanese  market.  In  the  Tokyo  Rounds/  both  the 
U.S.  and  Japan  agreed  to  cut  their  levies  on  semiconductor  imports  to 
4.2  percent/  and  an  agreement  was  reached  in  19?i  to  accelerate  the 
reduction  so  that  it  will  take  effect  by  mid-1902.  2i i/ 


426 


Host  importantly/  state  industrial  policy  has  shaped  the 
development  of  the  electronics  industries  in  Japan.  Many  argue  that  a 
general  pattern  of  industrial  development  policy  can  be  discerned/  uitn 
Japanese  planners  "targetting"  specific  industries  for  promotion.  The 
general  characteristics  of  this  pattern  are  said  to  have  been  the 
selection  of  industries  with  important  learning  or  scale  economies/ 
protection  of  the  Japanese  national  market  for  Japanese  producers  until 
scale  and  learning  curve  effects  and  relatively  lower  wages  have  made 
them  competitive  producers  in  national  and  world  markets/  and  eventual 
penetration  of  world  markets  with  even  further  efficiencies  gained 
taiougn  increasing  market  share.  21/  This  process  is  thought  to  have 
occured  in  the  auto/  steel/  petrochemical/  aircraft#  industrial 
macninery  ana  electronics  industries. 

In  the  electronics  industries#  at  least#  government  promotion  has 
played  an  indisputable  role  in  shaping  the  growth  of  the  industry.  In 
19o7#  the  Japanese  government  enacted  a  "Temporary  Measure  for  the 
Promotion  of  the  Electronics  Industry#"  with  the  main  objective  of 
inducing  the  private  sector  to  focus  "preferentially  upon  the 
electronics  industry#  by  encouraging  national  consensus  that  the 
electronics  industry  was  the  perfect  industry  for  Japan's  socioeconomic 
state#  and  tnerefore#  was  the  industry  that  should  form  the  core  of 
industrial  Japan."  22/  The  mandate  was  renewed  by  the  1978  Special 
Measures  Law  concerning  Promotion  of  Specialized  Machine  and 
Information  Industry. 

Tnis  government-established  consensus  was  given  teeth  by  tne 
extensive  powers  cl  t.-._  ministry  c r  finance  ( MJF )  and  Ministry  of  Trade 
and  Industry  (MITI)  tc  channel  capital  into  favored  industries. 


Because  a  large  amount  of  personal  interest  income  is  essentially 
untaxed  in  Japan  (and  interest  payments  deductible  from  corporate 
taxes)  there  would  be,  barring  the  risk  of  costly  bankruptcy/  a 
substantial  incentive  to  finance  corporate  investment  exclusively  by 
the  issue  of  debt.  25/  Since  the  MGF  often  exercises  direct 
administrative  controls  over  bank  portfolios/  it  has  considerable 
discretion  to  channel  ban<  lending  into  areas  consistent  with  its 
priorities.  PankS/  in  turn/  are  effectively  guaranteed  the  solvency  of 
these  "guided"  loans  and  favored  firms'  risk  of  bankruptcy 
substantially  reduced  Dy  the  tacit  promise  oi  government  intervention. 
This  reduced  risk  of  bankruptcy  (which  is  also  aided  by  a 
growth-oriented  macroeconomic  stabilization  policy)  reinforces  the 
relative  attractiveness  of  debt  as  a  vehicle  of  financial 
intermediation/  and  the  potency  of  administrative  guidance  of  bank 
portfolios  as  a  tool  for  influencing  the  composition  of  industrial 
investment.  2 4/ 

In  addition/  perhaps/  to  allocating  supplies  of  capital  to  the 
electronics  industry/  MQr  and  .sill  have  also  increased  demand  for 
investment  with  a  variety  of  subsidies  to  capital  investment  in  the 
favored  industry.  Subsidy  policies  used  by  Japanese  authorities  that 
are  specifically  geared  to  the  electronics  industry  have  included 
special  industry  depreciation  allowances/  25/  special  funding  for 
technology  development/  25/  and  government  underwriting  of  the 
operations  of  three  laboratory  groups  developing  VLSI  technology.  22/ 
Other  more  general  tax  policies  grant  special  tax  write-offs  for 
investment  in  export  promotion  activities.  2 £/  A  new  generation  of 
programs  to  fund  R4D  in  the  electronics  industry  is  currently  being 
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formulated  by  Mill/  with  the  focus  on  developing  advanced 
computers.  22/  Officially  "coordinated"  loans  by  tne  Japan  Development 
Bank  to  the  electronics  industry  (said  to  have  signalled  virtual 
guarantees  on  the  loans  of  Japanese  private  Danks  to  the  industry)  $0/ 
have  recently  increased  in  importance,  fchile  historically/  over  the 
1951-1972  period/  JDB  loans  for  the  "development  of  technology"  (two  of 
the  three  categories  are  in  the  electronics  and  computer  industries) 
only  accounted  for  about  6  1/2  percent  of  loans  made/  such  loans 
accounted  for  Detween  10  1/2  and  13  percent  of  new  JDS  lending  in  the 
years  1976-7*  (about  $1.3  billion  in  loans  outstanding  in  1979).  61/ 

Prior  to  1968/  purchase  of  foreign  technology  was  strictly 
controlled  by  the  government.  Electronics  technologies  were  on  the 
list  of  desired  tecnnology  used  as  a  guide  by  the  government.  22/ 
Though  most  controls  were  lifted  in  1963/  the  government  retained  the 
autnorxty  to  apply  controls.  Bj/  Tne  controls/  by  denying  access  to 
foreign  consumer  goods  technology  to  Japanese  producers/  may  well  have 
stimulated  investment  in  basic  industrial  electronics  technology. 

Most  recently/  the  chosen  route  to  the  acquisition  of 
U.S.  tecnnology  by  Japanese  firms  has  been  acquisition  of  or  investment 
in  U.S.  firms,  fii/  The  removal  of  all  official  controls  on  direct 
foreign  investment  in  1971  undoubtedly  facilitated  tnis  process. 

Although  the  control  of  direct  foreign  investment  in  Japan  was 
substantially  liberalized  in  the  mid-1970s/  U.S.  firms  still  complain 
about  obstacles  to  entering  the  Japanese  market  with  a  subsidiary.  Sat/ 
In  the  past/  certainly/  Japanese  policy  has  been  protective  of  tne 
maiKet  shares  of  Japanese  firms.  Texas  Instruments  —  aside  from  the 
recent  entry  of  IBM/  the  only  successful  U.S.  SCD  manufacturing 
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subsidiary  in.  Japan  —  was  allowed  to  invest  only  after  agreeing  to 
make  its  integrated  circuit  patents  available  to  Japanese  firms/  and  to 
limit  its  output  so  that  Japanese  firms  were  guaranteed  90  percent  or 
more  *of  the  national  market,  gp/ 

llail£d_&lal£S 

As  a  result  of  the  Kennedy  Round  tariff  negotiations/  tariff  rates 
on  semiconductors  were  more  than  halved  from  the  pre-1963  rate  of  12.5 
percent  to  the  6  percent  rate  effective  in  1972.  This  left  the  U.S.  / 
in  the  1S7ls/  with  probably  the  lowest  rates  on  SCDs  in  the 
industrialized  West.  3v  mid-1982/  the  rate  will  drop  to  4.  2  percent 
(as  will  the  Japanese  tariff). 

Even  more  importantly/  legislation  establishing  U.S.  tariff  item 
30C.3C  and  607.00  (henceforth/  "o06/307")  was  passed  in  1963.  £2/  This 
arrangement  differs  from  the  European  "outward  processing"  procedures 
in  that  the  duty  relief  on  the  value  of  the  reimported  component  is 
granted  at  the  tariff  rate  on  the  assembled  article  (and  nat  using  the 
rate  applicable  to  the  unassembled  component);  the  arrangement  may  be 
used  by  foreign  concerns  as  well  as  U.S.  concerns;  tne  types  of 
assembly  operations  that  can  be  performed  —  altnough  constantly 
increasing  in  number  as  the  result  of  Customs  Court  decisions  —  are 
somewhat  limited;  and  the  U.S.  Customs  does  not  have  any  broad 
authority  to  limit  the  use  of  the  tariff  item  other  than  by  setting 
administrative  procedures  and  by  challenging  tne  particulars  of  customs 
declarations. 


The  806/807  tariff  provisions  are  in  widespread  use  throughout  the 
U.S.  semiconductor  industry*  Fully  84  percent  of  U*S*  semiconductor 
imports  were  brought  in  under  tariff  items  8C6.30  or  807*00  in  1978; 
that  percentage  was  even  higner  —  90  percent  —  for  the  integrated 

circuits  that  made  up  the  overwhelming  (79%)  bulk  of  U.S.  SCD 
imports.  ££/  In  fact/  SCD  806/807  imports  alone  account  for  some  15 
percent  of  the  total  value  of  all  U.S.  806/807  imports/  and  34  percent 
of  the  value  of  the  dutyfree  U.S.  components  used  in  all  such 
imports.  8£/ 

Tne  U.S.  Generalized  System  of  Preferences/  on  the  other  hand/  is 
not  use!  by  the  industry  because  SCbs  are  not  eligible.  The 
possibility  of  adding  it  to  the  list  has  been  under  study/  however.  22/ 
Since/  in  1976  (the  first  year  of  the  U.S.  GSP)/  U.S.  importers  rapidly 
switched  from  the  use  of  8C6/3C7  to  the  use  of  GS?  for  eligible 
items/  21/  tne  historical  record  would  suggest  that  great  use  of  GSP 
will  be  made  if  SC Ds  become  eligible.  The  country-specif ic  limitations 
of  the  U.S.  GSP  —  no  more  than  a  slow-rising  ceiling  (a  little  over 
S3C  million  in  1973)  on  GSP  trade  per  country/  or  50  percent  of  all 
U.S.  imports  of  a  specific  product  --  would  also  suggest  potential 
for  creating  greater  diversification  in  the  sourcing  of  SC i)  imports 
from  low-wage  exporters. 

The  U.S.  nas  not  protected  its  domestic  market  against  foreign 
entry  through  restrictions  on  direct  investment.  Major  foreign 
investments  in  U.S.  SCD  producers  were  a  prominent  feature  of  the 
U.S.  industry's  evolution  in  the  late  1970s.  22/  Such  purchases  served 
not  only  to  iiiow  foreign  firms  to  sell  directly  in  the  U.S.  market/ 
but  also  as  on  important  conduit  for  the  acquisition  of  U.S.  technology 


by  Western  European  and  Japanese  producers. 

While  the  U.S.  has  no  explicit  government-sanctioned  restrictive 
procurement  practices/  the  situation  is  not  strictly  comparable  to  that 
in  Western  Europe  and  Japan.  Telecommunications  are  under  the  control 
of  state-affiliated  concerns  in  most  foreign  countries#  wnile  the 
U.S.  *  bell  System  is  a  publicly-regulated  monopoly.  Bell's  equipment 
manufacturing  subsidiary/  Western  Electric#  along  with  Ib*l#  is  among 
the  largest  SCb  producers  in  the  world;  all  of  their  output  is  used 
internally.  £2/ 

Furthermore#  because  defense  applications  account  for  a 
significant  volume  of  U.S.  demand#  procurement  restrictions  on  the 
manufacture  of  classified  items  limit  foreign  sales  in  this  market. 
Industrial  security  regulations  of  the  U.S.  Department  of  Defense  also 
prohibit  the  manufacture  of  classified  products  in  offshore 
facilities.  £i/ 

Tne  importance  of  the  defense  market  in  the  U.S.  also  obscures  the 
issue  of  whether  or  not  public  subsidies  are  given  to  the 
U.S.  industry.  Since  military  users  are  generally  willing  pay  premium 
prices  for  new  standards  of  reliability  and  performance#  as  well  as  the 
research  and  development  costs  of  new  devices  with  military 
applications#  it  was  argued  in  Section  3  that  the  U.S.  government  has# 
in  fact#  funded  a  major  portion  of  the  development  costs  for 
U.S.  technology. 

In  Japan#  by  way  of  contrast#  military  SCb  procurement  expenditure 
is  virtually  nil#  while  European  military  sales  accounted  for  14 
percent  of  consumption  in  1972.  ££/  In  the  U.S.  #  even  after  the 
dramatic  decline  in  the  importance  of  the  military  market  in  the  1970s# 


military  expenditure  still  accounted  for  14  percent  of  SCD  sales  in 

i 

1979  (See  Table  3.1). 

Host  recently/  the  U.S.  Department  of  Defense  has  started  another 
major  research  effort.  The  Very  High  Speed  Integrated  Circuit  (VHSIC) 
program  is  budgeted  at  $201  million  over  the  ±>  years  ending  in 
1994.  21/  There  are/  however/  widely  divergent  opinions  over  the 
commercial  potential  of  the  research.  22/  Clearly/  dollar-for-dollar, 
civilian  market-oriented  research  is  likely  to  yield  a  greater  return 
than  research  specifically  tailored  to  military  applications.  This/  in 
fact/  nas  been  a  continuing  source  of  criticism  within  the  U.S.  SCD 
industry.  Also/  to  quote  nobert  Noyce/  "there  are  very  few  research 
directors  anywhere  in  the  world  who  are  really  adequate  to  the 
job.  .  •  and  taey  are  not  often  career  officers  in  the  Army."  22/ 

Finally/  the  absence  of  public  funded  and  disseminated  research  on 
new  semiconductor  technologies  has  led  to  proposals  within  the  industry 
for  the  formation  of  joint  research  ventures/  to  avoid  the  duplication 
of  costly  basic  researcn.  Research  programs  financed  by  major  firms 
have  already  been  set  up  with  the  sponsorship  of  leading  American 
universities.  22/ 

iuaadDt 

A  variety  of  government  policies  nave  affected  the  structure  of 
the  semiconductor  industries  in  the  U.S.  ,  Western  Europe/  and  Japan. 
Public  subsidies  to  research  and  development/  whether  through  explicit 
industry  grants/  or  disguised  as  military  procurement  and  loan 
guarantees/  have  played  a  major  role  in  all  three  markets.  The 
significance  oi  government  grants  to  research  and  development 


expenditure  may  have  had  some  effect  on  the  pattern  of  international 
specialization  to  be  described  below.  It  is  difficult  to  conceive  of 
large-scale  government  support  for  research  facilities  located  outside 
its  national  boundaries. 

Government  funding  of  research/  and  subsidization  and  promotion  of 
capital  expenditure/  in  explicitly  commercial  applications/  has  been 
particularly  important  in  Japan.  As  mentioned  before/  the  long-run 
goal  01  Japanese  planners  is  probaoly  to  create  a  strong  national 
computer  industry.  The  low  rates  of  return  implicit  in  a  highly 
subsidized  investment  are  presumably  balanced  by  the  tecnnological 
externalities  that  an  advanced  electronics  industry  transmits  to  other 
sectors  of  the  economy. 

Barriers  to  trade  have  also  been  an  important  determinant  of 

global  product  flows.  The  United  States  has  certainly  been  the  least 

protected  market/  as  might/  perhaps/  be  predicted  given  its  past 

dominance  of  world  markets.  The  European  market  is  the  most  protected 

at  the  moment/  with  Japan  somewhat  more  open  (at  least  formally)  to 

imports.  All  major  markets  grant  various  sorts  of  preferences  to  LOC 

imports;  the  U.  S.  B06/8C7  tariff  items  are  probably  by  far  the  most 
% 

important  such  arrangement. 

Carriers  to  direct  investment/  together  with  trade  restrictions 

\ 

determine  whether  a  foreign  firm  chooses  to  export/  or  to  invest/ 

\ 
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behind  a  tariff  wall.  Again/  the  U.S.  has  the  fewest  barriers  to  such 
investment.  The  policies  of  most  ESC  countries  have  probably  favored 
direct  investment  in  a  manufacturing  subsidiary/  undoubtedly  with  the 
explicit  intention  of  acquiring  foreign  technology.  Japanese  policy 
toward  direct  foreign  investment-formal  and  informal-  nas  probably  been 


the  most  restrictive.  Historically/  successful  U.S.  investment  was 
permitted  only  in  exchange  for  a  closely-held  technology/  and  after 
some  limits  to  penetration  of  the  national  market  were  established. 
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Tne  political  and  economic  constraints  on  semiconductor  firms/ 
outlined  in  the  last  section/  have  shown  considerable  variation  from 
country  to  country*  Not  surprisingly/  these  differences  have  resulted 
in  strikingly  different  systems  for  the  organization  of  production/ 
with  firms  operating  from  different  national  bases  taking  radically 
different  approaches  to  tne  location  of  production  facilities*  Me  next 
outline  a  brief  history  of  the  internationalization  of  production  by 
U*S*/  Japanese/  and  Western  European  producers* 

Offshore  assembly  of  semiconductors  by  U.S*  manufacturers  can  be 
traced  bac*  to  1961/  when  Fairchild/  one  of  the  major  U.S.  producers/ 
set  up  a  manufacturing  affiliate  in  Hong  Kong/  exporting  to  the 
J.S.  market.  Other  companies  guickly  imitated  Fairchild. 

In  many  ways  tne  circumstances  of  Fairchild's  move  offshore  were  a 
preview  of  events  that  were  to  repeat  themselves  in  the  late  197 0's. 
Fairchild  began  its  offshore  operations  with  the  manufacture  of 
transistors/  a  product  whose  technology  had  become  well  known  by  the 
late  1950 's/  sparking  considerable  competition/  and  pressure  on  prices/ 
from  Japanese  producers* 

Table  6.1  shows  how  guickly  Japanese  producers  mounted  a 
formidable  threat  to  U.S.  companies*  Japanese  transistor  production 
literally  almost  quintupled  between  1957  and  195b/  with  two  thirds 
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Table  6.1 

U.S.  and  Japanese  Transistor  Production 


U.S. 

Japan 

%of  Japanese  transistors 

lof  Transistor 

(millions  of 

units) 

used  in  radios 

radios  exported 

1  9d7 

29 

6 

67 

n.  a 

1956 

47 

27 

67 

n  •  3  • 

1959 

82 

B7 

55 

77 

1960 

128 

140 

48 

70 

19tl 

191 

183 

41 

67 

1962 

240 

232 

34 

76 

19o3 

300 

258 

35 

81 

196*. 

407 

416 

33 

69 

19(5 

638 

454 

30 

75 

1966 

656 

617 

26 

85 

1967 

760 

766 

23 

83 

1968 

833 

939 

2C 

90 

Source 

2  For  <J.S./ 

Electronic 

Industries  Association/ 

Elac.tLaaic_iiaLk.fcl 

(Washington/  1977). 

For  Japan/  Table  6-5  in  Tilton  (1971). 


of  production  slated  for  eventual  use  in  the  ubiquitous  transistor 
radio*  1 01/  The  Japanese  were  able  to  mount  this  successful  offensive 
because  wages  in  the  Japanese  industry  —  at  that  time  —  were 
considerably  below  U*S.  levels*  The  basic  technology  for  transistor 
production  was  at  that  time  being  widely  propagated  by  ATI's  Bell  Labs* 
which  had  a  very  liberal  licensing  policy  that  made  no  significant 
discrimination  between  American  and  foreign  firms.  122/  The  year  of  the 
big  push  in  production  (1957)  coincided  with  the  major  Japanese 
decision  to  promote  tne  electronic  industries/  embodied  in  the  Special 
Measures  law  described  in  the  last  section. 

Confronted  witn  low-cost  foreign  competition/  American  producers 
chose  two  paths.  One  path  was  to  invest  heavily  in  capital  equipment/ 
and  automate  tne  production  of  transistors.  This  was  the  road  taken  by 
Pnilco/  ana  it  led  to  disaster/  due  to  the  rapid  pace  at  which  existing 
transistor  types  became  obsolescent  with  continuing  technological 
advance.  122/  Tne  otner  trail/  pioneered  by  Fairchild/  was  to  beat  tne 
Japanese  at  their  own  game  by  taking  the  labor-intensive  stages  of 
production  to  Far  Eastern  locations  where  wages  were  even  lower  than  in 
Japan.  This  was  a  successful  strategy/  and  one  that  was  quickly  copied 
by  other  U.S.  producers. 

Still/  the  Japanese/  having  acquired  large  volumes  of  sales 
concentrated  in  a  relatively  small  number  of  firms/  were  able  to  ride 
down  the  learning  curve  and  maintain  fierce  competition  in  established 
product  lines.  In  1967/  for  example/  shipments  of  radios  by  U.S. 
producers  amounted  to  $362  million/  compared  to  $271  million  in  U.S. 
imports/  of  which  $141  million  were  Japanese.  1£J/  The  lesson  learned 
was  a  bitter  one:  a  competitive  advantage/  once  lost/  is  exceedingly 


difficult  to  regain.  The  importance  of  maintaining  a  position  at  the 
cutting  edge  of  technology/  and  responding  guickly  to  potential 
competitive  threats/  was  crystal  clear.  Henceforth  U.S.'  producers  were 
to  move  production  to  low  cost  locations  just  as  quickly  as  the 
development  of  the  product  and  its  manufacturing  technology  were 
sufficiently  staole  as  to  make  the  establishment  of  assembly  lines 
offshore  feasible. 

Tne  general  pattern  of  investment  in  offshore  SCO  assembly 
facilities  tnat  developed  in  the  subsequent  twenty  or  so  years  can  be 
seen  as  a  series  of  waves  of  activity.  As  information  about  the  costs 
and  risks  of  setting  up  assembly  operations  in  a  particular  region  was 
accumulated/  the  entire  industry  tended  to  follow  the  successful 
pioneers  who  had  experimented  with  operations  in  a  specific 
country.  !££/ 

Tne  rusn  by  semiconductor  firms  into  offshore  production  quicxly 
spread  outside  of  hong  Kong.  In  1964  and  1965/  significant  investments 
were  made  in  Korea  and  Taiwan.  After  1967/  producers  moved  into 
Mexico;  from  1966  on/  important  facilities  were  also  located  in 
Singapore.  Starting  in  1972/  Malaysia  became  a  key  area  for  export 
production/  while  Indonesia/  Thailand/  and  the  Philippines  became 
popular  offsnore  locations  in  the  mid  to  late  1970's. 

The  sequential  nature  of  offshore  investment  in  the  semiconductor 
industry  can  be  seeny  to  some  extent/  by  looking  at  the  years  in  which 
offshore  subsidiaries  were  established.  Tables  6.2a  and  6.2b/  which 
report  the  date  of  establishment  of  U.S.  overseas  operations  present  in 
different  samples  of  U.S.  SCO  firms  in  1971/  and  1974/  respectively/ 
support  the  general  chronology  outlined  above.  !&&/ 


of  Establishment  of  Overseas  Operations  in  LDC's,  1971 


Data  in  for  a  sample  of  21  U.S.  SCD  firms  in  1971 
Source:  Chang  (1971),  p.  19 
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Tne  continuing  search  for  new  offshore  production  locations  can 
also  be  documented  by  examining  U.S.  import  statistics*  Table  6.3 
breaks  down  U.S.  SCO  imports  by  country  of  origin/  from  1964  (when  SCD 
imports  first  received  a  separate  statistical  classification)  until 
1969.  While  they  are  somewhat  imprecise  (country  detail  for  small 
volumes  of  export  went  unreported  in  published  statistics)/  they  tell 
the  same  basic  story.  In  1964/  Hong  Kong  was  the  only  major  LDC 
supplier  of  SCj's  to  tne  U.S.  ($2  million  out  of  a  total  of  $3.4 
million  in  imports).  Taiwan  joined  it  as  a  volume  exporter  in  1966/ 
followed  by  Mexico  and  Korea  in  1967/  the  Netherlands  Antilles  and 
Portugal  in  1968/  and  Singapore  and  Malaysia  in  1969. 

1'ue  behavior  of  the  import  shares  in  Table  6.3  suggests  the 
importance  of  certain  economic  and  political  factors.  Both  Mexico  and 
Taiwan  established  export  processing  zones,-  permitting  the  duty  free 
importation  of  materials  used  in  manufacture  for  export/  in  1965?  12.2/ 
sizeable  exports  of  SCD's  to  the  U.S.  followed  in  1957.  Korea 
undertook  a  major  liberalization  of  its  trade  policy  in  1965-65/ 
permitting  the  drawback  of  duties  paid  on  imported  inputs  used  in 
exports/  setting  up  in-bond  processing  arrangements/  and  establishing 
additional  export  incentives?  again/  significant  SCD  export  began  in 
1967.  Hong  Kong/  the  original  low  wage  source  of  U.S.  assembly 
semiconductor  imports/  was  a  free  port/  it  should  also  be  remembered. 

Coincident  with  this  sudden  1967  increase  in  imports  from  new 
low-wage  suppliers  (and  snarp  drops  in  the  growtn  rate  of  exports  from 
t~-  1  ere. :  industrial  countries)  was  the  1 9t> 6—57  U.S.  economic 

-  fci.icn  greatly  reduced  the  growth  of  SCD  import  demand.  It 
•as  a  premonition  of  the  sharp  reactions  to  the  1970  and  1974-76 


Table  6.3 


STRUCTURE  OF  U.S.  IMPORTS  OF  SEMICONDUCTORS ,  1964-1969* 


V.  Hemisphere 

Canada 

Mexico 

North  Antilles 
Europe 

U.K. 

France 

W. Germany 

Ireland 

Netherlands 

Portugal 

Italy 


1964 

1965 

1966 

1967 

1968 

1969 

2 

1 

1 

1 

1 

2 

(40) 

(61) 

(8) 

(117) 

(83) 

3 

21 

18 

(1226) 

(25) 

2 

2 

(24) 

z 

1 

1 

1 

z 

(107) 

(8) 

(83) 

(-21) 

8 

12 

4 

2 

1 

z 

(317) 

(-38) 

(-50) 

(16) 

(-7) 

z 

2 

3 

2 

(74) 

(166) 

(-17) 

9 

19 

18 

15 

12 

(267) 

(2) 

(38) 

(14) 

24 

12 

8 

4 

3 

2 

(40) 

(26) 

(-51) 

(8) 

(-10) 

z 

2 

(1247) 

4 

4 

3 

1 

1 

1 

Asia 


Singapore 


7 


Malaysia 

Korea 

Hong  Kong  24 

Taiwan 

Japan  36 

Total  98 

Value  of  all  SCD  Imports  6.4 

(million  $) 

Nominal  growth  rate,  n.a 

-TI  imports 


z 

2  3  5 


(119) 

(175) 

35 

(329) 

43 

(106) 

42 

(.9) 

28 

(12) 

30 

(55) 

z 

7 

(646) 

10 

(156) 

9 

(26) 

28 

(82) 

17 

(33) 

14 

(-17) 

10 

(18) 

8 

(12) 

"ToT 

96 

~97 

99 

“Too 

24 

42 

43 

72 

104 

186 

75 

2 

67 

44 

*tas  a  percent  of  total  imports;  nominal  growth  rates  beneath) 
z  indicates  less  than  one  percent 

Calculated  from  U.S.  Dept,  of  Commerce,  Bureau  of  the  Census,  FT246,  various  years. 
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recessions  which  were  to  later  trouble  the  industry*  The  almost  static 
behavior  of  imports  in  1967  suggests  that  a  'shake-out*  in  the  industry 
occurred/  with  low-uage  LDC  suppliers  displacing  higher  cost  European 
exports* 

Tne  almost  unchanged  level  of  exports  from  riong  Kong  in  1967/  and 
the  precipitous  drop  in  its  share  of  the  import  market  in  1968, 
probably  are  United  to  the  major  riots  and  political  disturbances  that 
shook  that  nritish  colony  in  1967.  Increasing  concerns  about 
diversifying  the  country-specific  political  risk  inherent  to  overseas 
assembly  operations  are  likely  to  have  played  a  role  in  tne 
establishment  of  subsidiaries  in  Singapore  in  1969. 

Inese  data  do  not,  unfortunately,  distinguish  imports  assembled 
offshore  from  wholly  foreign  imports.  Information  on  U.S.  imports 
unaer  the  6C&/6C7  tariff  classifications,  which  presumably  capture 
offshore  production  returning  to  the  U.S.  reasonably  well,  1£2/  is 
first  available  for  the  year  1966.  Table  6.4  details  the  total  value 
of  U.S.  SCo  imports,  as  well  as  tne  values  for  imports  entering  under 
tariff  items  806.30  and  807.00.  Estimates  of  806.30  SCO  imports  from 
L DC's  are  not  available  until  1969,  but  cannot  have  amounted  to  more 
than  a  couple  of  hundred  thousand  dollars  before  1963.  1£12/  Uy  1966,  it 
is  clear,  offsnore  assembly  already  dominated  U.S.  imports  (62  percent 
of  U.S.  imports  entered  under  607  alone).  By  1969,  estimates  indicate 
that  U.S.  806/807  imports  accounted  for  over  ninety  percent  of  SCO's 
entering  the  country.  il£/ 

•hen  current  dollar  imports  are  adjusted  for  inflation  with  an  SCO 
producer  p/ice  index,  as  is  done  in  Table  6.4,  the  particular 
sensitivity  of  the  SCO  industry  to  the  effect  of  general  economic 


SCD  Price  Index  U»S«  Dept*  of  Labor,  Bureau  of  Labor  Statistics,  producer  price 
index  for  'sealconductors  and  related  devices'. 


recession  stands  revealed.  The  growth  of  constant-dollar  assembly  (and 
other)  imports  slowed  considerably  in  1971/  and  dropped  12  percent  in 
1975/  compared  with  30  to  60  percent  growth  rates  in  the  fatter  years 
of  the  197C's. 

The  serious  impact  of  general  economic  conditions  on  the  industry/ 
as  well  as  the  more  recent  cnanges  in  production  location  that  occurred 
as  the  U.S.  Industry  grew  through  the  1970#S/  are  clearly  defined  when 
the  country  sourcing  of  306/807  imports  is  examined/  as  in  Table  6.5. 
.Note  tnat  data  prior  to  1972  do  not  include  806.31  imports;  hence/ 
growth  rates  in  1972  are  overstated  and  some  discontinuity  in  the 
distribution  of  offshore  imports  across  countries  occurs  in  1972 
because  of  the  definitional  changes  in  the  statistics. 

i'he  sensitivity  of  offshore  production  to  the  U.S.  business  cycle 
can  be  observed  in  tne  growth  of  806/807  imports  after  the  1970  and 
1974-75  U.S.  recessions.  Generally/  slowdowns  and  even  reductions  in 
606/bC7  imports  took  place  in  1971/  and  even  more  pronouncedly/  in 
l97o. 

Dramatic  changes  in  the  geographic  origin  of  offshore  imports  into 

the  6*5.  also  took  place  in  the  1970 's.  Eefore  1976/  some  20  to  30 
% 

percent  of  U.S.  60C/807  imports  came  in  from  Western  Hemisphere 

sources/  mainly  Mexico.  From  1976  on/  that  figure  dropped 

\ 

precipitously  into  the  10  to  15  percent  range. 

% 

That  smaller  level  of  Western  Hemisphere  imports  masks  even  more 

* 

dramatic  shifts  witnin  tne  hemisphere.  Prior  to  1976/  Mexico's  share 
of  offshore  SCO  imports  hovered  around  2C  percent  and  accounted  for 
almost  all  Vestern  Hemisphere  imports.  After  1976/  Mexico  dropped  to 
only  s  percent/  while  £1  Salvador  and  Barbados  each  jumped  to  three 
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Table  6.5 

106/BOV  see  Market  Bharat  far  Major  bpettin  (lief  Market) 

(Ti»urea  art  pereenteie  eharea:  aoalnal  growth  rataa  below  is  paraatheeea) 
<107  only  1966-1971 ;  B06/BS7  combined  for  1972-1978) 


1969 

1970 

1121 

Hemisphere  (total) 

23 

26 

30 

Canada 

2 

1 

2 

<4) 

(33) 

Mexico 

22 

26 

24 

Marie 

<42 ) 

(B) 

El  Salvador 

0 

00 

0 

■aid 

0 

0 

0 

Barbadoa 

2 

0 

2 

bather lead a  Antlllea 

1 

2 

2 

641) 

Brazil 

0 

2 

2 

Europe  (total) 

K 

13 

13 

Oaltad  Klngdoa 

2 

2 

6 

(317) 

(1273) 

Ireland 

12 

11 

4 

■ortugml 

2 

<1«) 

4 

662) 

3 

(102) 

(23) 

Aala  (total) 

41 

36 

35 

■oat  Eons 

30 

23 

IB 

(1) 

424) 

Korea 

14 

13 

17 

Taiwan 

9 

(11) 

3 

(36) 

7 

(-28) 

(31) 

Singapore 

6 

10 

13 

Halayale 

2 

(104) 

2 

(33) 

2 

Japan 

2 

(91) 

3 

461) 

2 

Thailand 

0 

(27) 

0 

4*1) 

0 

lad on aala 

0 

2 

2 

(432) 

BhUllplnaa 

0 

0 

0 

Ear: 

*  lariat  ftflaltln  changes, 

2  '*ss  than  1  percent. 

Bouret:  Caleolated  froa  dart  furalahed 


1972* 

1971 

1974 

1221 

(976 

IS 

1221 

1978 

22 

20 

24 

20 

12 

13 

2 

1 

2 

2 

2 

2 

2 

4*3) 

(410) 

(132) 

(71) 

444) 

(6) 

411) 

21 

19 

20 

11 

11 

6 

3 

(47) 

(46) 

(78) 

412) 

413) 

424) 

(*) 

0 

0 

2 

1 

3 

3 

3 

(274) 

(303) 

(30) 

(3) 

2 

2 

1 

2 

2 

1 

1 

(1273) 

(743) 

479) 

4*66) 

(904) 

(12) 

0 

2 

2 

X 

2 

1 

3 

(4773) 

(1) 

(75) 

(133) 

(334) 

2 

2 

1 

2 

2 

0 

0 

(3332) 

414)) 

(413) 

460) 

4*3) 

0 

0 

2 

1 

1 

1 

1 

11 

(37) 

(60) 

(37) 

(37) 

7 

a 

2 

2 

1 

2 

2 

0 

0 

0 

0 

2 

0 

(-99) 

7 

4 

3 

2 

2 

1 

2 

(210) 

(0) 

(32) 

438) 

(44) 

426) 

(26) 

4 

3 

1 

2 

2 

Z 

2 

(72) 

(3) 

423) 

496) 

4*3) 

(932) 

457) 

67 

72 

71 

77 

*2 

*7 

B* 

17 

13 

12 

9 

9 

7 

6 

(•3) 

(**) 

(32) 

433) 

(36) 

(0) 

(12) 

IS 

17 

16 

13 

17 

19 

15 

(101) 

(34) 

(59) 

427) 

(*S) 

(*3) 

(1) 

nb 

(12$) 

(3$) 

(-32) 

(31, 

* 

(63) 

<-*> 

23 

24 

16 

20 

23 

21 

20 

(276) 

(»1) 

(11) 

(32) 

(60) 

(19, 

(24) 

(37) 

*  16 
(22.227)  (34?) 

24 

(36) 

21 

(29' 

24 

(43) 

30 

(67, 

2 

X 

2 

1 

2 

2 

Z 

41) 

0 

46) 

0 

(31) 

2 

'4J7) 

0 

463) 

2 

(74) 

1 

463, 

3 

0 

0 

2 

2 

2 

(314) 

1 

(219) 

1 

422) 

(66) 

0341) 

02, 

0 

1  2 

(229)  1 

(134) 

6 

(109) 

ol, 

(if) 

on  na natlc  taoe  by  OSITC. 
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percent/  and  Haiti  and  Brazil  garnered  one  percent  of  the  market. 

Geograpnical  diversification  also  played  a  major  rile  in  the 
evolution  of  Asian  SCD  exports  to  the  U.S.  •  The  Asian  share  of 
U.S.  806/807  imports  zoomed  from  a  50  to  60  percent  market  share  in  the 
early  *70 *s,  to  an  8C  to  90  percent  share  by  1978.  While  10  to  12 
percent  out  of  that  30  or  so  percent  increases  was  at  the  expense  of 
Western  Hemisphere  exporters/  another  15  percent  was  added  as  Western 
European  offshore  exports  practically  disappeared. 

Within  Asia/  diversification  of  supply  also  played  a  major  role. 
Hong  Kong  offshore  exports  continued  to  decline  precipitously/  while 
Singapore  and  Malaysia  seemed  to  have  greatly  benefitted  from  the  drop 
in  Hong  Kong's  importance.  In  the  mid  to  late  197C'S/  Thailand/ 

*  Indonesia/  and  the  Philippines  were  major  beneficiaries  from  the 
increased  sourcing  of  production  in  Asia. 

Again/  the  details  of  Table  6.5  point  to  the  possible  importance 
of  political  and  institutional  changes  in  producers'  location 
decisions.  Political  difficulties  and  instability  gripped  Mexico  in 
1976/  the  same  year  that  a  huge  drop  in  Mexico's  relative  importance 
occured.  Inference  of  causality  is  made  difficult/  however/  because 
labor  difficulties  (strikes/  work  stoppages)  and  a  peso  devaluation 
occured  in  the  same  year/  while  major  wage  increases  had  been  decreed 
the  previous  year. 

In  Haiti/  806/377  SCD  exports  to  the  U.S.  began  in  1972/  the  year 
after  the  death  of  dictator  Francois  Duvalier/  an  event  which  coincided 
with  what  has  been  delicately  described  as  a  shift  in  "the  government's 
general  disposition  toward  industrial  expansion.".  111/  In  Netherlands 
Antilles  an  outbreak  of  rioting  occurred  in  1969/  followed  by  large 
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drops  in  exports  in  1970  and  1971;  labor  problems  continued  in  the 
early  1970's/  as  did  large  fluctuations  in  export  share*  in  Portugal/ 
the  military  coup  of  April/  1974/  was  accompanied  by  a  sharp  drop  in 
806/807  exports/  which  continued  until  1977. 

Malaysian  offshore  SCD  exports/  which  had  really  begun  in  1969/ 
did  not  reach  significant  levels  until  1973/  two  years  after  the 
rioting  wmch  had  troubled  that  country  in  1969-70.  In  Taiwan/  exports 
dropped  in  1978/  the  year  during  which  the  U.S.  made  clear  its 
intention  to  normalize  its  relations  witn  China  and  break  its  ties  to 
Taiwan  (actually  carried  out  in  December).  In  Thailand/  a  military 
junta  was  installed  in  1916,  ending  a  period  of  turbulent  but 
democratic  rule;  significant  levels  of  306/827  S CD  production  began  the 
following  year.  In  the  Philippines/  Marcos'  martial  law  declaration  of 
1972  was  followed  by  rapid  grouta  in  SCD  exports  to  the  United  States. 

Tne  last  few  cases  also  emphasize  the  Inherent  futility  of  this 
sort  of  casual  empiricism,  hot  only  major  political  changes/  but  also 
major  institutional  shifts  in  economic  policies/occurred  just  prior  to 
large  volumes  of  806/827  exports  in  the  Philippines/  Malaysia/  and 
Tnailanl.  Malaysia  opened  the  doors  of  its  first  export  processing 
zone  in  1972.  Thailand  simplified  procedures  to  rebate  duties  and 
taxes  on  inputs  used  in  the  export  production  of  promoted  investments 
as  of  1977/  112/  while  the  Philippines'  Bataan  export  processing  zone 
started  its  operations  in  1973.  Similarly/  substantial  806/807  exports 
began  from  El  Salvador  after  an  export  processing  zone  opened  its  doors 
in  1975.  Table  6.6  which  shows  the  spread  of  export  processing  zone 
arrangements  among  the  major  SCD  producers/  emphasizes  the  coincidence 
of  these  policies  with  increasing  exports  in  Tables  6.3  and  6.5. 


Table  6.6 


449 


Export  Processing  Zone  Start-ups,  Major  SCD  Producers 


First  Year  of 


Country 

Established 

Operation 

Ireland 

1958 

Mexico 

1966  (Border  Indus trial- 
zation  Program) 

El  Salvador 

1974 

1975 

Haiti 

1974 

1974  (industrial  park) 

Netherlands  Antilles 

Free  port 

Brazil 

1968 

1968 

Hong  Kong 

Free  port 

Korea 

19661  (export  industrial 
estates) 

Taiwan 

1966 

1966 

Singapore 

19682 

Free  port 

Malaysia 

1972 

1972 

Phil  pines 

1972 

1973 

Notes: 

1.  Drawback  system  also  begun  In  1965-66. 

2.  Juron^  Town  Corporation  established. 

Sources : 

'Data  Established'  from  Currie  (1979),  UNCTAD  (1973). 

'First  Year  of  operation'  from  Froebel,  Heinrichs,  and  Kreye  (1980), 


450 


I 


It  is,  in  fact/  impossible  to  attribute  rises  and  declines  in  ^ 

exports  to  specific  political  events  and  economic  policy  changes 
without  controlling  for  the  effects  of  other  economic  variables/  of 
which  the  most  important  is  the  cost  of  labor*  Important  changes  in 
the  relative  costs  of  assembly  labor  in  different  producing  countries 
occurred  during  the  1969-1978  period.  We  defer  a  more  sophisticated 
attempt  to  unravel  the  separate  contributions  of  political  events/  f'. 

economic  policy/  the  international  business  cycle/  and  wage  movements 
on  the  country  sourcing  of  offshore  production  until  after  our  overall 
view  of  the  evolution  of  offshore  production  is  complete*  r 

For  the  moment/  it  is  sufficient  to  observe  that  production 
shifted  out  of  areas  with  increasingly  higher  relative  wage  levels 
(Mexico/  Kong  Kong)/  and  into  regions  with  relatively  cheaper  labor  (£1  9 

Salvador/  halaysia,  Ihailand/  Indonesia/  Philippines).  Table  5.7 
contains  estimates  of  dollar-eguivalent  compensation  to  unskilled  labor 
in  the  major  oifshore  producing  countries  (relative  to  tne  U.S.  )  for  » 

1969  through  197b. 

In  spite  of  the  multiplicity  of  factors  which  may  have  contributed 
to  the  increasingly  geographically  diversified  spread  of  SCD  assembly  » 

exports  to  the  United  States/  there  is  little  doubt  that  political 
factors  played  an  important  role  in  this  process.  Semiconductor 
manufacturers  have  explicitly  acknowledged  the  role  that  * 

country-specific  political  risk  plays  in  their  sourcing  decisions, in 
interviews  with  researcners,  112/  and  in  public  testimony.  114/ 

Though  it  is  clear  that  offshore  production,  in  successive  waves  m 

of  investment,  became  a  prominent  feature  of  the  operations  of  U.S. 
semiconductor  firms,  it  is  very  difficult  to  establish  the  quantitative 
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Table  6.7  . 
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Total  Hourly  Compensation  In  the  International  Electronics  Industry 
Dollar  Indices,  Relative  to  the  United  States  («100) 

( 


1969 

1974 

1975a  1975b 

1976 

1977a 

1977b 

1978 

Major  Offshore  SCD  Producers 

United  States 

100 

100 

100 

100 

100 

100 

100 

100 

Canada 

77 

94 

100 

93 

85 

Mexico 

21 

26 

28 

24 

20 

15 

21 

El  Salvador 

50 

Haiti 

Barbados 

Netherlands  Antilles 

22 

.  Brazil 

11 

10 

United  Kingdom 

44 

50 

47 

44 

43 

48 

49 

Ireland 

Portugal 

26 

Hong  Kong 

9.6 

12 

11 

12 

12 

13 

17 

14 

Korea 

10 

80 

6.0 

6.8 

7.1 

8.4 

9.1 

10 

Taiwan 

7.9 

8.2 

6.7 

8.1 

8.9 

10 

10 

Singapore 

8.8 

11 

11 

12 

11 

10 

Malaysia 

7.4 

8.6-10 

9.4 

Japan 

40 

47 

49 

46 

51 

59 

65 

Thailand 

5.4 

7.7 

Indonesia 

4.8 

4.4 

Phil l ppines 

4.0 

5.8 

6.0 

Otuer  LDC's 


Jamaica  13 


Notes  to  Table 

National  currencies  converted  to  dollars  at  prevailing  exchange  rates 
Sources  are: 

1969  -  U.S.  Tariff  Commission  (1970),  p.  170.  Fi»m-level  ratios  for  ’office 
machinery;  consumer  electronics',  and  'semiconductor1  have  been  averaged  together 
.  together. 

1974  -  Foreign  compensation  data  from  UNCTAD  (1975),  Table  10.  U.S.  compen- 
%  sation  based  on  average  hourly  earnings  in  semiconductors  from  U.S.  Department 
*  of  Labor,  Bureau  of  LaboT  Statistics  (1979)  and  unpublished  BLS  estimates  of 
supplementary  compensation.  (Aug.  hourly  earning*  in  U.S.,  1974  -  $3.82  X 
'  1.30  -  $4.97) 

\J9J5(a),  1976,  1977(a),  1978  are  unpublished  estimates  of  U.S.  Dept,  of  Labor, 

‘  of  Labor  St«tl8tic*  Office  of  Productivity  and  Technology. 

'  19'5<J).  1977(b)  are  estimates  for  unskilled  labor, total  monthly  compensation, 
made  by  A.D.  Little,  Inc.  for  use  in  comparisons  of  international  cost  of  manu- 
^  facture  of  electronic  products. 


importance  of  these  arrangements.  To  some  extent/  the  lack  of 
available  information  is  symptomatic  of  the  deficiencies  of  national 
statistical  procedures/  which  are  ill-suited  to  the  task  of  documenting 
production  flows  witnin  an  international  firm.  In  the  United  States/ 
for  example/  Census  bureau  estimates  of  the  value  of  shipments  by 
U.S.  establishments  include  devices  assembled  from  U.S.  components 
overseas  and  entered  as  &06/807  imports/  but  exclude  devices  assemoled/ 
tested/  and  finished  overseas  (even  if  they  were  made  from  U.S. 
components  and  entered  under  806/907  and  eventually  shipped  within  the 
U.S.  by  a  U.S.  firm.  115/ 

Another  problem  is  tnat  -  since  the  vast  majority  of  906/07 
transactions  represent  the  transfer  of  semi-finished  product  between 
related  firms  (and  thus  has  no  observable  market  value}  -  offshore 
production  is  given  a  constructed  value  as  it  passes  through  U.S. 
customs.  115/  3y  statute  112/  the  constructed  value  was  defined  to  be 
tbe  cost  of  materials  and  fabrication  overseas/  plus  a  markup  for 
general  expenses  and  profit  equal  to  that  usual  (not  actual!)  in  sales 
of  merchandise  of  that  particular  kind/  exported  from  that  particular 
country.  115/  Essentially  customs  value  is  then  defined  as  variable 
production  costs/  plus  a  markup  particular  to  the  country  and  product. 
The  effect  of  the  valuation  procedure  is  to  effectively  price  the 
article  at  its  declared  cost  of  manufacture  overseas/  plus/  possibly/  a 
markup  for  general  expenses  and  profit.  No  imputation  for  U.S. -based 
research  anc  development  expenditure,  administrative  overhead,  or 


Since  the  latter  charges  account  for  a  large  portion  of  the  price 
of  the  finished  SCD/  the  customs  value  of  an  806/807  import 
significantly  understates  the  eventual  market  value  of  devices  imported 
under  tariff  items  806/07.  Cost  data  reported  by  Finan  in  1975/  for 
example/  show  corporate  overhead  (£&£ludin£  direct  manufacturing 
overhead)  and  profit  equal  to  about  35  percent  of  sales  price/  or  54 
percent  of  manufacturing  cost.  122/  Detailed  statistics  from  the  1977 
Census  of  Manufactures  show  that  SCD  producers  marked  up  purchased 
devices  by  about  two-thirds/  before  reselling  them.  121/  A  recent  study 
of  I.C.  manufacturing  costs  concluded  that  market  prices  ranged  from  2 
to  3.5  times  production  cost.  122/  Such  figures  suggest  that  806/807 
import  customs  values/  for  SCDs/  may  greatly  understate  the  market 
value  of  these  devices  after  they  are  tested/  shipped/  and  sold  to 
final  consumers.  A  conservative  estimate/  in  line  with  the  lowest 
values  mentioned  above/  would  mark  up  the  value  of  806/807  imports  by 
(at  the  very  least)  50  percent  when  calculating  the  eventual  marxet 
value  of  offshore  production.  122/  Estimates  described  below  indicate 
that  in  1978/  for  example/  some  7C  to  63%  of  U.S.  SCD  consumption  was 
produced  offshore/  yet  the  value  of  906/837  imports  accounted  for  $1.5 
billion  out  of  an  estimated  $4.3  billion  in  U.S.  consumption  (see  Table 
6.1). 

Nevertheless/  using  806/807  import  statistics/  we  can  devise  a 
rough  index  of  offshore  production  as  a  fraction  of  all  U.S.  shipments 
(including  U.S.  production  tnat  is  exported).  The  basis  for  our 
calculations  is  the  assumption  that-since  the  price  (in' the 
U.S.  market)  for  a  semiconductor  is  the  same  wnether  or  not  it  is 
assembled  offshore/  and  the  cost  of  the  materials  used  is  also  roughly 
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the  same  onshore  or  offshore  (the  materials  used  offshore  are  generally 
shipped  from  tne  U.S.  >  the  total  value  added  per  unit  shipped  will  be 
the  same  for  units  manufactured  onshore  and  offshore/  at  any  given 
aoaent*  Thus/  if  we  have  an  index  of  value  added  offshore/  and  another 
index  of  value  added  onshore  and  offshore/  their  ratio  will  be 
proportional  to  tne  fraction  of  U.S. -based  shipments  (iailuiiaa 
finished  8 <•  t / B-J 7  imports)  from  U.S.  producers  that  are  actually 
assembled  oflsnore.  The  constant  o£  proportionality  will  be  the  ratio  of  value  added 
per  unit  assembled  offshore  to  total  valua  added  per  unit  (everywhete^.^^^  ^  the 
ratio  of  offshore  assembly  value  added  to  total  value  added  per  unit  is 
roughiy  constant  over  time/  movements  in  this  index  will  reflect 
changes  in  the  proportion  of  finished  units  moving  through  U.S. 
domestic  facilities  which  are  assembled  offshore. 

Such  an  index  has  been  constructed  in  Table  6.8.  It  shows  the 
proportion  of  the  total  value  of  U.S.  -based  shipments  added  offshore 
almost  doubled  between  1971  and  the  late  1970 's.  The  recessions  of 
197u-7i  and  1974-75  were  accompanied  by  particularly  large  increases  in 
the  relative  snare  of  offshore  assembly  facilities  in  total  value 
added. 


bote  that  tnis  index  probably  undfilfilflifiS  the  true  increase  in  the 
relative  fraction  of  U.S.  based  shipments  assembled  offshore.  125/ 
First/  with  increasing  chip  complexity/  the  proportion  of  total  value 
added  associated  with  offshore  production/  per  chip  assembled  offsnore/ 
has  probably  declined/  and  our  index  of  offshore  valued  added  relative 
to  total  global  value  added  per  chip  therefore  does  not  fully  reflect 
tne  increased  reliance  on  offshore  assembly  in  U.S. -based  shipments. 
Second/  our  index  of  offshore  value  added  is  the  dutiable  content  of 


Offshore  Value  Added  In  Relation  to  Total  Value  Added 
In  Domestic  and  Export  Shipments  Passing  Through 
U.S.  Facilities*,  Semiconductor  Industry 
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U.S.  806/90*7  imports/  which  includes  some  U.S-raade  materials  and 
freight  charges/  126/  and/  therefore  exceeds  tne  actual  value  added 
offshore,  is  chip  complexity  has  increased/  and  offshore  assembly 
costs  nave  risen/  our  measured  index  of  offshore  value  added  has 
probably  dropped  closer  to  true  offshore  value  added.  122/  This  would 
also  lead  to  our  index  understating  the  increase  in  offshore 
operations.  It  would/  therefore/  seem  safe  to  assert  that  the 
proportion  of  semiconductors  passing  through  U.S.  facilities  tnat  were 
assembled  offshore  probably  roughly  doubled  between  1971  and  1978. 

To  assess  the  magnitude  of  these  flows/  then/  we  need  some 
base-year  estimate  of  the  proportion  of  U.S.  semiconductor  output  that 
was  assemoled  offshore.  hirst/  a  1970  survey  by  the  U.S.  Tariff 
Commission  establisned  tnat  most  firms  operating  in  that  year  started 
their  foreign  assembly  operations  in  1967  or  1968  (excluding#  of 
course/  tne  earliest  pioneers)  122/  Furthermore/  in  1969,  all  806.30 
semiconductors  and  'most'  8C7.C09  assembly  imports  underwent  further 
processing  in  the  U.S./  122/  so  that  figures  on  flUdOtiilfiS  of  806/807 
imports  can  be  used  as  a  measure  of  what  fraction  of  U.S.  SCD  shipments 
underwent  offshore  processing.  This  exercise  is  undertaken  in  Table 
6.9/  for  the  period  1969-1971. 

The  results  show  an  increase  in  the  share  of  U.S.  semiconductor 
'shipments  processed  offshore/  from  about  40  percent  in  1969,  to  about 
46  percent  in  1971/  during  the  depths  of  the  1970-71  version.  If  we 
assume  tnat  tne  share  of  offshore  assembly  in  U.S.  -based  shipments 
increased  1.7  to  2  times  between  1971  and  1973/  in  line  with  our 
discussion  cf  Table  6.6/  tne  implication  is  that  between  78  and  92 
percent  of  b.S.  sen iconductors  were  assembled  offshore  in  1978. 


Table  6.9 


Offshore  Production  In  Relation  to  U.S.  Shipments 


All  Semiconductors 
No.  shipped  in  U.S. 

(Mil  units) 

No.  Imported  under 
806/807 

Z  Imported  under 
806/807 

Of  which: 

Integrated  Circuits 
No.  shipped  In  U.S. 
No.  Imported  under 
806/807 

Z  Imported  under 
806/807 


Transistors 

No.  Shipped  In  U.S. 
No.  Imported  under 
806/807 

Z  Imported  under 
806/807 


1969 

1970 

1971 

3387 

3126 

2273 

1365 

1319 

1275 

40 

42 

46 

278 

292 

406 

n.a. 

241 

275 

83 

68 

1969 

1970 

1971 

1972 

1192 

1064 

997 

1259 

646 

548 

482 

1223 

54 

52 

48 

97 

Sources:  Shipments  are  official  U.S.  Department  of  Commerce  estimates;  806/807 
Imports  are  official  trade  statistics;  both  found  In  U.S.I.T.C, 
Transistors  and  Diodes  (1975),  Tables  2,  4,  6,  8. 
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Unfortunately/  we  cannot  reasonably  extend  this  procedure  into  the 
mid  and  late  1970  's,  because  the  Department  of  Commerce  ended  its 
practice  of  estimating  quantities  of  semiconductors  shipped/  and 
because  during  this  period/  U.S.  manufacturers  increasingly  began  to 
test  and  finisn  their  semiconductors  in  overseas  facilities.  132/  In 
the  latter  case/  tne  finished  semiconductors  imported  under  806/807  are 
no  longer  countea  in  the  value  of  U.S.  semiconductor  shipments/  as 
delined  by  the  U.S.  Census  Bureau. 

le  can,  nowever,  estimate  wnat  proportion  of  U.S.  -based 
integrated  circuit  shipments,  in  the  mid  to  late  1970's,  were  processed 
offshore,  lable  6.10  documents  these  estimates,  which  are  based  on  the 
results  of  a  1979  U.S. 1.1. C.  survey  of  most  U.S.  producers.  They 
indicate  that  oetween  1974  and  1976,  the  percentage  of  U.S.  shipments 
tnat  were  processed  ofisnore  increased  from  about  79  to  82  percent. 

The  proportion  of  J.S. -shipped  IC's  finished  offshore  increased  from 
about  45  to  54  percent  over  that  period. 

Une  final  scrap  of  information  suggests  that  between  seventy  and 
eighty  percent  of  all  U.S.  -based  semiconductor  shipments  were 
assembled  off  snore.  According  to  a  1979  market  report  by  the  Frost  and 
Sullivan  consulting  firm  (and  whose  methodology  is  unknown),  71  percent 
of  U.S.  semiconductor  consumption  was  then  assembled  offshore. 

Finally,  note  that  we  have  been  talking  about  U.S.  806/307  imports 
as  if  they  are  equivalent  to  what  we  have  been  describing  as  "offshore 
production"  by  U.S.  firms.  Strictly  speaking,  they  are  not,  since  some 
output  is  sold  locally  or  exported  to  other  countries.  However,  (as  is 
shown  in  section  8),  about  85  percent  of  the  output  of  U.S.  electronic 
components  affiliates  in  Asia  in  1977  was  exported  to  the  U.S.,  and 


Table  6.10 

Importance  of  Offahore  Assembly  In  U.S.  IC  Shipments 
(quantities  are  millions  of  units) 


1974 

1975 

1976 

1977 

1978 

1. 

No  units  assembled  in  U.S. 

250 

176 

245 

314 

372 

2. 

No  units  imported  under  806/807 

935 

670 

1,011 

1,325 

1,666 

3. 

Total  U.S.  units  assembled  (1+2) 

1,185 

846 

1,256 

1,639 

2,038 

4. 

No.  units  finished  in  U.S. 

648 

441 

611 

773 

944 

5. 

Assembled  and  finished  in  U.S., 
as  Z  of  Total  (1/3) 

21 

21 

20 

19 

18 

6. 

Assembled  offshore.  Finished 
in  U.S.,as  Z  of  Total 
((4-l)/3) 

34 

31 

29 

28 

28 

7. 

Assembled  and  Finished  Offshore 

45 

48 

51 

53 

54 

as  Z  of  Total 
((3-4)/3) 

Sources  and  methodology: 

(1) ,  (4)  are  from  U.S.I.T.C.  (1979),  Table  A-2. 

(2)  vas  calculated  by  dividing  value  of  806/807  Imports  reported  by 
U.S.  firms  /U.S.I.T.C.  (1979),  Table  A- 25/  by  average  unit  value  of  U.S. 

806/807  1C.  Imports  for  1974-78,  making  the  assumption  that  the  composition 
and  value  of  reported  806/807  Imports  in  survey  was  identical  to  official  trade 
statistics  for  that  year  Unit  values  used  (per  IC)  were  ($) 

1974  75  76  77  78 

.43  .60  .47  .48  .53 

and  are  based  on  tabulation  by  the  U.S.I.T.C.  (Integrated  Circuits  and  their 
Use  in  Computers,  May  1979)).  The  relation  between  official  trade  statistics 
and  the  1979  ITC  dollar  figures  was 


74 

75 

76 

77 

78 

official  (mil  $) 

446 

476 

690 

910  1,245 

U.S.I.T.C.  (1979)  survey 

402 

402 

475 

636 

883 

The  discrepancies  probaly  arise  because 

(1)  Not  all  U.S.  IC  producers  were  covered  by  the  survey 

(2)  Not  all  806/807  Imports  are  made  by  U.S.  producers 

(3)  The  fiscal  year  to  which  company  figures  may  refer  may  be  different 
from  the  calender  year  to  which  trade  statistics  refer. 
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While  information  is  much  more  difficult  to  obtain  on  offshore 
production  by  European  and  Japanese  firms/  it  is  clear  that  it  is  a 
much  less  important  part  of  their  operations  tnan  is  the  case  for 
U.  S.  firms.  Table  7.1  makes  this  point  very  clearly.  As  on  upper 
bound  on  offshore  1C  imports/  the  fraction  of  IC  production  accounted 
for  by  imports  from  the  Asian  "offshore"  countries  has  been  calculated. 
Less  than  5  percent  of  Japanese  IC  production/  and  less  than  16  percent 
of  EEC  1C  production/  could  have  been  accounted  for  by  offshore  imports 
in  l97o. 

Furthermore/  these  numbers  ought  to  be  considered  upper 
bounds  111/  on  possiole  oifshore  imports  by  national  firms/  since  they 
may  include  exports  from  offshore  Asian  affiliates  of  U.  S.  firms,  and 
even  indigenous  Asian  producers  or  assemblers.  In  1976/  it  was 
estimated  that  about  $33  million  in  IC  imports  from  offshore 
subsidiaries  of  U.  S.  SCb  producers  entered  Japan/  tnougn  these  flows 
dia  not  necessarily  come  from  Asian  affiliates.  112/ 

Tne^e  bounds  also  do  hot  take  into  account  as  "offshore 
production"  the  output  of  Japanese  affiliates  in  place  behind  the 
U.  S.  and  Common  Marxet  tariff  walls.  Kith  the  broader  definition  of 
"offshore  production"  including  output  that  never  reenters  Japan/  the 
following  figures  are  available  for  1977:  114/ 
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Table  7.1 

Imports  and  Production  in  the  Japanese  and 
European  I.C.  Markets 


Imports 

Imports 

from 

Offshore 

Countries* 

Shipi wfc/»  fs 
or 

Production 

Z 

Imports  to 
Shipments 

Z  Offshore 
Country 
Imports  to 
Shipments 

(Million  US 

$) 

Japan 

1974 

179 

27 

439 

41 

6.2 

1975 

134 

25 

395 

34 

6.3 

1976 

199 

45 

664 

30 

6.7 

1977 

187 

27 

761 

25 

3.5 

1978 

255 

44 

1330 

19 

3.3 

EEC** 

1974 

226 

41 

330 

68 

12 

1975 

184 

30 

313 

59 

9.6 

1976 

380 

90 

378 

101 

24 

1977 

329 

74 

465 

71 

16 

Source: 

Calculated  from  data 

In 

U.S.I.T.C. 

.  Competitive  Factors  Influencing 

World  Trade  In  Integrated  Circuits.  Washington,  T).C.  (November,  1Q7Q) ,  Table  A56 
A59,  A67,  A70. 

*  Defined  as  all  of  Asia  less  Japan. 

**  Less  Luxembourg,  Ireland,  Denmark. 


Discrete  Production 
Discrete  Offshore  Production 
Z  Total  Production 

l.C.  Production 

I.C.  Offshore  Production 

Z  Total  Production 


Qty. 

(1000) 

Value 
(nil  D.S 

9892 

1015 

1186 

47 

12Z 

5Z 

828 

774 

67 

22 

8Z 

3Z 

By  1980/  it  was  estimated  that  some  10  percent  of  ICs  were  made  in 
overseas  plants  125/  and  all  indications  are  that  this  upward  trend 
will  continue  as  Japanese  producers  accelerate  their  move  into  the 
European  and  U.S.  markets  with  local  production  facilities* 

Relatively  little  of  the  Japanese  offshore  output  is  re-exported 
into  Japan.  This  can  be  seen  by  examining  figures  recently  compiled  by 
the  U.  S.  1.  T.  C*  on  the  operations  of  the  1C  largest  Japanese  1C 
producers/  who  in  1S78  accounted  for  some  85  percent  of  IC  production 
within  Japan  (See  Table  7.2).  According  to  the  IT Z,  these  large 
Japanese  IC  producers  had  offsnore  1C  facilities  located  in  Ireland/ 
Korea/  and  Taiwan.  All  of  the  facilities  exported  output  only  to 
related  parties/  hence  the  related  party  imports  in  Table  7.2  place  an 
upper  bound  on  Japanese  imports  from  offshore  locations  for  the  top  10. 
while  the  importance  of  such  related  party  IC  imports  has  grown 
rapidly/  it  is  still  miniscule  in  relation  to  Japanese  domestic 
production. 

Tne  offshore  IC  operations  of  the  Japanese  top  10  in  Korea  and 
Ireland  also  sold  output  locally  in  those  countries;  in  Korea/  some  of 
those  local  sales  were  to  other  affiliates  of  the  Japanese  parent  firm 
wno  presumably  used  the  purchases  in  equipment  being  assembled  in 
Korea.  The  top  1C  firms  also  had  much  more  extensive  offshore 
operations  in  discrete  semiconductor  devices/  witri  only  a  small  portion 
of  their  offshore  employment  in  integrated  circuits.  Their  total 
offshore  semiconductor  employment  grew  very  rapidly  from  1974  to  1978/ 
but  still  remained  small  relative  to  Japanese  employment.  I2£/ 


Table  7.2 


I.C.  Shipments  by  10  Largest 
Japanese  I.C.  Producers  * 


1974 

1975 

1976 

1977 

1978 

Total  Japanese  Production 
of  Top  10  (million  U.S.  $) 

268 

• 

331 

516 

643 

1135 

Exports  as  Z  of  Japanese 
Production  of  Top  10 

1.3 

4.0 

5.3 

12.8 

18.0 

Related  Party  Imports 
as  Z  of  Top  10  Japanese 
Production 

.6 

1.1 

1.8 

3.7 

1.8 

I.C.  Production  by  Top  10 
as  Z  All  Japanese  Production 

62 

84 

78 

83 

85 

*  Top  10  producers  are  NEC,  Hitachi,  Toshiba,  Matsushita,  Mitsubishi,  Sharp 
Sanyo,  Sony,  FuJ ltsu,  Okl. 

Source:  U.S.I.T.C.,  (November,  1979),  Tables  A41,  A49,  A55,  A58,  U.S. -Japan 
Trade  Council  (December  7,  1979). 


Partially  because  of  trade  friction  uith  U.  S.  and  European 
producers/  and  partially  because  of  other  purely  economic  factors  (see 
Section  8)/  Japanese  producers  increasingly  began  to  invest  in 
production  and  assembly  facilities  in  U.  S.  and  European  markets  in 
1980  and  1951.  112/  It  is  doubtful  that  much  of  their  "offshore" 
production  of  sophisticated  ICs  will  be  coming  from  the  less  developed 
Asian  countries  typically  linked  to  such  production. 

On  the  otner  hand/  offshore  production  in  Asia/  by  Japanese  firms/ 
of  simpler  ICs  and  discrete  semiconductors/  while  still  fairly  small 
portions  of  global  output/  has  been  increasing  rapidly.  111/ 

Tne  apparently  meager  use  of  offshore  production  facilities  by 
Japanese  semiconductor  firms  warrants  further  examination.  Until  the  , 
early  1973s/  imports  were  discouraged  by  trade  barriers  and  foreign 
investments  were  tightly  controlled/  and  it  might  therefore  be  argued 
that  tnese  historical  restraints  account  for  the  small  levels  of 
offshore  production  by  Japanese  SCO  producers. 

As  far  back  as  1963/  Japanese  investments  were  permitted  in  the 
production  of  passive  electronic  components  (simple  devices  like 
resistors/  capacitors/  etc.)  in  Hong  Kong.  112/  The  stimulus  to  this 
policy  was  undouotedly  international  competition/  since  by  then 
Japanese  wages  had  started  to  move  above  the  levels  prevailing  in  the 
less-developed  Asian  economies/  and  U.  S.  producers  were  beginning  to 
assemble  their  most  labor-intensive  products  in  those  low  cost  Asian 
locations. 

Foreign  investments  in  active  components  (which  include/  along 
with  semiconductors/  various  types  of  electronic  tubes)  were  not 
approved  until  1969/  in  Korea  and  Taiwan.  142/  After  tne  1970-71 


recession/  a  whole  rash  of  approvals  followed  in  the  1972*74  period/ 
and  a  number  of  firms  moved  into  Malaysia  as  well/  to  produce  active 
components.  Table  7.3  documents  this  movement  offshore.  Few  of  these 
investments  involved  IC  production;  most  were  oriented  toward  simpler 
discrete  devices.  141/ 

By  1979/  Japanese  semiconductor  producers  had  literally  spread 
themselves  all  over  Asia.  Table  7.4  shows  Japanese  semiconductor  firms 
in  most  of  the  same  locations  where  U.  S.  firms  have  established 
offshore  affiliates.  It  is  also  clear  that  these  affiliates/  in 
increasing  numbers/  were  producing  more  sophisticated  devices/ 
including  simpler  types  of  integrated  circuits.  Nevertneless/  as  the 
previous  discussion  has  aiade  clear/  Japanese  offshore 
production  —  at  the  end  of  tne  197us  —  was  a  very  much  less 
significant  (albeit/  growing)  part  of  global  production  than  was  the 
case  for  U.  S.  firms. 

A  more  detailed  examination  of  the  circumstances  of  Japanese 
foreign  investments  in  semiconductor  production  sheds  farther  light  on 
the  motivation  for  and  growtn  of  such  operations.  Table  7A.1/  appended 
to  this  section/  summarizes  the  details  of  such  investments  by  members 
of  the  Japan  Electrical  Machinery  Industry  Association  (JiMIA);  the 
data/  while  not  exhaustive  is  suggestive.  Table  7.5  highlights  some  of 
the  information  found  there. 

It  is  clear/  for  example/  that  penetration  of  foreign  markets  is 
the  major  aim  of  such  investment.  Only  three  countries  —  Korea/ 

T jj.c*/  and  -..laysia  —  had  investments  reporting  exports  to  Japan. 

A  iso/  the  establishment  of  these  offshore  operations  accelerated  in  the 
late  1970s.  Of  the  24  such  investments  made  by  JEMIA  members/  one 
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Table  7.3 

Japanese  Direct  Foreign  Investment  In 
Active  Components  (SCD  end  Tubes) 
by  Year  of  Approval,  as  of  3/74 


No.  Investments 


Year 

Taiwan 

Korea 

Malaysia 

1969 

1 

1 

1970 

1 

1971 

1 

1972 

1 

3 

1973 

1 

3 

3 

1974  (1st  quarter)  2 

1 

1 

TOTAL 
(per  year) 

2 

1 

1 

4 

7 

4 


TOTAL  5  10  4  19 

(per  country) 


Source:  Yoshihara,  Japanese  Investment  In  Southeast  Asia  (Kyoto.  1978). 
Table  A7. 


i 


Country 

U.S.A. 
Mexico 
Argentina 
Korea 
Taiwan 
Hong  Kong 
Thailand 
Singapore 
Malaysia 
Other 


Table  7.4 

Foreign  SCD  Investments  by  Japanese  Firms 
1979 


No.  of  Cases  of  Investment  in 
Discrete  SCD  Integrated  Circuits 


1 

2 

4 

2 

1 

3 

3 

16 


4 

1 

2 

1 

2 

4 

1 

17 


Lb  9 


Source:  Japan  Electronic  Machinery  Industry  Association*  Int ernat ionallzatlon 
and  Its  Impact  on  the  Electronic  Industry  of  Japan  (1980*  in  Japanese)*  p.  51. 

Investments  listed  here  correspond  to  those  of  firms  answering  a 
survey  carried  out  by  the  JEMIA. 
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quarter  were  made  since  1978/  and  half  since  1975* 

Patterns  in  the  establishment  of  subsidiaries  by  country  are  also 
visible*  Cheap  or  stable  labor  supplies  were  cited  as  a  reason  for 
offshore  investment  in  tne  low-wage  Asian  countries  like  Korea/  Taiwan/ 
Philippines/  and  Malaysia.  Access  to  export  markets  appears  to  have 
been  more  important  in  Hong  Kong  and  Singapore/  with  nearness  to  user 
equipment  industries  especially  important  in  Singapore.  In  17  of  the 
24  investments/  there  was  some  sort  of  financial  incentive  to  maxing 
tne  investment. 

by  the  end  of  1979/  however/  the  production  of  such  offshore 

facilities  in  Asia  must  still  have  been  relatively  small.  While  some 

of  the  investments  shown  in  Table  7A.1  have  no  employment  figures 

available/  and  thus/  no  complete  figure  on  employment  can  be  given/  we 

can  use  tne  information  to  calculate  some  general  orders  of  magnitude* 

□f  19  Asian  operations/  12  reported  employment.  Of  those  12/  the  7 

establisnments  producing  only  semiconductors  employed  about  9300 

workers/  while  including  the  other  establishments  with  a  broader 

product  mix  raised  employment  to  about  13/7QC.  It  seems  safe  to 

suppose  that  Japanese  offshore  semiconductor  employment  in  Asia 
% 

probably  lay  between  10/000  and  20/00C  workers  in  1979.  Since  the  10 

major  ^Japanese  IC  producers  who  accounted  for  the  great  bulk  of 

Japanese  SCO  output  employed  roughly  33/000  workers  in  1978  (See 

Section  6)/  this  is  significant  in  relation  to  Japanese  domestic 

* 

employment. 

One  salient  feature  of  Japanese  offshore  electronic  production  is 
that  it  is  mainly  used  to  supply  local  and  third  country  export 
markets/  in  contradistinction  to  U.  S. -based  operations.  This  point  is 


made  especially  clear  if  we  examine  the  trade  statistics  of  Korea/ 
Singapore/  and  Hong  Kong.  Japanese  producers  are  using  operations 
located  in  those  countries  to  make  significant  exports  using  SCD  parts 
produced  in  Japan.  In  those  tnree  countries/  as  a  whole/  the  ratio  of 
SCO  parts  imports  to  SCD  exports  ranged  from  about  .7  to  .8  (See  Table 
7.6).  The  ratio  was  much  lower  for  most  European  countries*  parts  and 
product  traue,  and  much  higner  for  Japanese  exports  of  parts  and 
imports  of  product.  Japan  seems  to  have  been  a  net  exporter  of  parts 
to  the  European  countries/  via  assembly  operations  in  otner  Asian 
countries, 

Also,  since  ail  Asian  IC  imports  in  1978  entered  under  GS?  (see 
Section  5)/  and  most  Japanese  offshore  affiliates  are  in  Asia/  it  is 
almost  certainly  true  that  the  offshore  production  of  Japanese 
producers  entering  Japan  must  have  made  significant  use  of  Japan's 
generalized  tariff  preference  scheme.  Given  the  reasonably  high  tariff 
barriers  protecting  the  Japanese  market  over  this  period/  the  existence 
of  these  preferences  may  have  played  an  important  role  in  making  some 
offshore  production  economical. 

In  the  EEC/  by  way  of  contrast/  tough  protective  measures  against 
SCO  imports  were  so  numerous  li£/  that  even  the  much  lower  wages 
available  in  Asia  apparently  did  not  spark  a  movement  offshore.  Since 
available  GSP  quotas  were  qu*te  limited/  such  tariff  relief  was 
available  to  only  a  minor  quantity  of  Asian  imports  produced  by  EEC  and 
foreign  nationals. 

While  no  disaggregated  statistics  on  EEC  outward  processing  trade 
are  published  it  can  be  established  that  the  outward  processing 
provisions  were  used  for  at  least  some  SCD  imports.  In  the 


Table  7.6 


Major  Exporters  of  SO)  Porto  to  Korea, 
Singapore,  and  long  Kong 
1971 

(■illlon  $  U.S.) 


Parts  lanorters  and  Value  of 

Parts  Xaeorta 

Xatlo  of  parts 
Inports  to  SCD 
exports  fron: 

Country  from  which 
narts  are  exported 

Korea 

Iona  Kona 

K 

S. 

H.K 

3 

1 

11.8 

1.8 

.66 

_ 

.60 

Geraany 

.2 

14.4 

2.1 

.20 

.26 

.12 

Italy 

- 

12.2 

- 

- 

.56 

- 

Japan 

47.1 

39.6 

39.6 

1.1 

2.0 

5.6 

U.K. 

.7 

2.3 

1.3 

3.5 

.19 

.16 

U.S. 

165.7 

325.2 

68.8 

.86 

.84 

.72 

Netherlands 

4.3 

- 

5.4 

.52 

- 

.42 

Korea 

X 

_ 

3.2 

X 

_ 

.64 

Singapore 

5.3 

X 

10.2 

.48 

X 

.65 

Hong  Kong 

7.6 

3.6 

X 

.12 

.14 

X 

Malaysia 

.6 

22.2 

3.1 

3 

1.5 

.8 

Taiwan 

mt 

- 

8.7 

- 

- 

.67 

Philippines 

- 

1.6 

1.2 

- 

.4 

.19 

Thailand 

.2 

.8 

6.4 

.4 

.62 

— 

All  Countries 

245.2 

424.3 

155.3 

.69 

.75 

.79 

Source:  Official  trade  statistics  of  Korea,  Singapore*  Bong  Kong,  1978 


Philippines/  at  least/  European  firms  are  using  the  outward  processing 
provisions  to  escape  the  EEC  tariff  in  much  the  same  way  TJ.  S.  imports 
are  entered  under  tariff  items  836/607.  144/  As  pointed  out  in  Section 
5/  however/  the  EEC  system  is  much  less  advantageous  to  producers  than 
the  U.S.  806/307  system. 

fce  conclude/  then/  tnat  offsnore  production/  in  the  1970s/  nad 
been  a  less  important  aspect  of  the  global  operations  of  European  and 
Japanese  firms  than  was  the  case  for  U.S.-based  firms.  Japanese  firms/ 
however/  have  been  rapidly  increasing  the  number  of  offshore  affiliates 
in  both  industrialized  and  developing  areas/  and  seem  to  be 
transferring  increasing  amounts  of  the  manufacture  of  less  complex 
semiconductor  devices  to  their  LOC  affiliates.  The  Japanese  operations 
seem  to  be  primarily  geared  toward  exporting  to  foreign  markets/  and 
the  affiliates  in  low-wage  Aslan  countries  seem  especially  prone  to 
export  to  Europe.  By  1979/  Japanese  offshore  employment  in 
semiconductor  production  had  become  a  reasonably  important  share  of 
worldwide  semiconductor  employment. 


List  of  Foreign  Investments  In  Semiconductor  Production  by 
Menbara  of  Japan  Electronic  Machinery  Industry  Association 
(con't) 


tut  of  foreign  Investments  In  Semiconductor  Production  by 
Members  of  Japan  Electronic  Machinery  Industry  Association 
(con't) 
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8.  llli££ILali&0al^fil££lili2Il-2Qd-QXl£lm££.ElfidlJ£lifiD 

Having  established  in  the  last  two  sections  that  Japanese  and 
European  producers  (who  ship  perhaps  10  to  15  percent  of  their  output 
from  foreign  locations)  have  organized  their  production  flows  in  a  very 
different  manner  from  firms  located  inside  the  U.S.  (perhaps  70  to  80 
percent  of  their  semiconductors. are  assembled  offshore  before  returning 
to  the  U.S.  for  finishing  or  distribution)/  we  turn  to  the  task  of 
explaining  these  differences.  This  will  not  be  a  simple  task  for  the 
most  interesting  case— Japan—  since/  as  will  be  argued  below/  the 
choices  made  in  organizing  product  flows  are  the  outcome  of  a  complex 
constellation  of  economic/  political/  strategic/  historical/  and 
structural  factors. 

European  choices  (including  those  of  U.S. -owned  SCO  producers  in 
the  European  market  who  have  historically  dominated  Western  European 
markets  througn  the  operations  of  their  European  affiliates)  145/  are/ 
on  the  other  hand/  simple  to  explain.  The  very  high  levels  of  tariff 
protection  make  it  uneconomical  to  import/  except  for  the  very  simplest 
sorts  of  devices  whose  costs  are  mainly  attributable  to  labor-intensive 
assembly  and  packaging  operations.  For  such  highly  labor-intensive 
devices/  the  huge  differential  in  labor  cost  between  the  Far  East  and 
Europe  can  even  offset  the  very  high  tariff  charges.  For  more  complex 
devices/  wnere  the  cnip  and  other  materials  are  a  significantly  larger 
portion  of  the  cost  of  the  finished  device/  even  the  use  of  the 
"outward-processing"  tariff  provisions  (when  permitted  by  the 
authorities)  offers  little  relief/  since  the  net  effect  of  these 
provisions  is  to  still  impose  a  9  percent  tax  on  the  material  content 
of  the  chip  upon  reimportation. 
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The  objective  of  this  policy  was  probably  to  force  foreign 
■anuf acturers  to  set  up  operations  in  Europe/  as  a  means  of  encouraging 
joint  ventures  with  European  partners/  the  transfer  of  technology/  and 
the  creation  of  a  strong  indigenous  European  Industry.  The  high  tariff 
walls  have  been  most  effective  in  getting  foreign-based  manufacturers 
to  set  up  affiliates  in  Europe.  i£$/  They  have  not  been  very  effective 
in  making  European  firms  internationally  competitive/  and/  perhaps 
belatedly/  European  governments  are  turning  increasingly  to  subsidy 
policies  as  a  means  of  increasing  the  competitiveness  and  technological 
competence  of  national  producers. 

The  situation  is  guite  different  in  Japan?  The  technological 
sophistication  of  Japanese  firms  has  advanced  at  a  steady  and  rapid 
rate/  after  a  strategic  national  decision  was  made  in  the  late  1950s 
that  electronics  technology  was  critical  to  the  future  economic  growth 
of  Japan.  The  advance  of  Japan  can  be  seen  in  the  rapidly  increasing 
share  of  world  semiconductor  production  that  is  reflected  in  Japanese 
damand  (see  Table  8.1).  Tne  Japanese  share  of  world  consumption  has 
risen  especially  fast  during  periods  of  economic  recession  where  a 
national  policy  of  encouraging  steady  and  stable  growth  in  SCD 
producton  have  insulated  Japanese  producers/  to  some  extent/  from  the 
business  cycle  fluctuations  which  are/  normally/  especially  pronounced 
in  the  electronics  business. 

The  success  of  Japan  in  arriving  at  the  cutting  edge  of  technology 
can  also  be  seen  in  the  rapid  increase  in  the  portion  of  Japanese 
output  made  up  of  technologically  sophisticated  integrated  circuits. 

As  Table  8.2  shows  Japanese  SCD  shipments  are  swiftly  approaching 
U.S.  shipments  in  their  composition/  in  terms  of  tne  importance  of  ICs. 
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Tsble  8.1  Estimates  of  9CD  Gonsunpticn  in  Major  Markets 


Share  of  Ratal  Market  of 

Total 

Year* 

U.S. 

Western  Europe 

Japan 

(Billion  $) 

1956 

87 

8 

5 

.09 

1960 

80 

12 

8 

.69 

1965 

76 

14 

10 

1.40 

1972 

57 

18 

25 

3.00 

Source: 

Finan  (1975) 

,  Table  6-1. 

*  Incli 

irdes  only  Britain,  France,  West  Germany  in  Western  Europe. 

1970 

49 

25 

26 

2.55 

1972 

48 

22 

30 

3.15 

1974 

48 

27 

24 

4.85 

1976 

46 

25 

29 

6.34 

1978 

45 

29 

27 

8.80 

1980 

45 

25 

30 

14.10 

Source: 

Electronics, 

various  issues:  1970: 

V3/’7 2, 

11/22/71,  12/21/70; 

1972:  1/10/74,  11/22,73,  12/18/72: 
1974:  1/8/76; 

1976:  1/5/78; 

1978:  1/3/80; 

1980:  1/13/81 
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Tni s  should  not  obscure  the  fact  that  the  Japanese  Industry 
continues  to  focus  its  efforts  on  staying  up  with  technological 
developments  in  the  U.S.  The  last  major  technological  push  by  the 
Japanese  and  the  government-f unded  VLSI  labs/  112/  was  intended  to 
match  technology  already  on  the  drawing  boards  at  U.S.  researc'  labs. 
The  next  set  of  major  semiconductor  projects  that  will  be  supp  ted  by 
governinent-f  unded  programs— a  push  to  increase  the  speed  of  Ja  .ese 
circuits—  lad/  will  attack  problems  under  study  for  years  at  and 
Beil  research  labs/  and  funded  elsewhere  by  the  U.S.  Defense 
Department's  VHS1C  program  since  1979.  112/  The  extensive  research  labs 
funded  and  run  by  tne  state-owned  telecommunications  company#  Nippon 
Telephone  and  Telegraph,  are  modelled  after  the  U.S.'s  Bell  labs  which 
play  a  similar  role  in  researching  basic  technology  and  providing  it  to 
private  firms.  150/ 

In  short,  Japanese  technological  development  efforts  have  been 
concentrated  on  catching  up  to  the  U.S.  Unfortunately,  in  the 
semiconductor  business,  playing  catch-up  is  not  a  successful  business 
strategy  (unless  you  have  some  sort  of  cost  advantage)  because  of  the 
importance  of  learning  economies,  the  effects  of  cumulative  production 
in  reducing  unit  costs  over  time.  To  succeed  in  becoming 
internationally  competitive,  the  Japanese  industry  needed  to  innovate, 
to  ride  down  the  learning  curve  on  some  innovation  of  its  own. 

in  the  early  1970s,  then,  tne  Japanese  faced  three  fundamental 
problems  in  their  semiconductor  industry.  As  just  remarked, 
innovations  seem  to  be  required  to  stay  competitive,  and  greater 
resources  therefore  had  to  be  channeled  into  research  and  development. 
Second,  reliability  problems  were  being  experienced  in  the  more 
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sophisticated  products  manufactured/  and  quality  improvements  needed. 
Thirdly/  the  rising  cost  of  labor  in  Japan  was  eroding  Japanese 
competitiveness.  151/  Because/  at  the  time/  significant  barriers  to 
offshore  semiconductor  imports  still  existed/  that  strategic  option 
could  not  be  exercised  by  Japanese  producers/  even  if  institutional  and 
political  constraints  would  have  permitted  it. 

The  Japanese  response  to  these  difficulties  attacked  all  three 
trouble  spots.  The  subsidy  and  capital  allocation  policies  described 
earlier  were  put  into  place/  and  channeled  large  sums  into 
semiconductor  k£>9.  The  particular  areas  of  research  selected  also 
attacked  the  quality  problem  directly/  and  the  labor  cost  problem 
indirectly/  by  focusing  on  production  technology  using  highly  automated 
equipment . 

The  innovation  selected  for  development  by  the  Japanese  —  and/  in 
fact/  an  innovation  which  had  worked  successfully  in  other  electronic 
products  Japan  came  to  dominate  —  was  quality.  As  was  argued  before/ 
high  levels  of  product  quality  require  uniformity  in  production/  and 
that  meant  the  replacement  of  manual  assembly  and  packaging  techniques 
with  automated  procedures.  It  was  also  an  innovation  that  relied  on 
particularly  Japanese  industrial  strengths/  the  development  and 
improvement  of  manufacturing  process  technology  (as  opposed  to  research 
on  basic  technical  principles)/  and  an  improvement  whose  time  had  come 
for  economic  reasons  to  be  discussed  below. 

Automation/  to  be  economic/  generally  requires  large  volumes  of 
output.  It  was  no  coincidence  that  the  particular  product  which 
Japanese  firms  began  to  aggressively  export  in  the  late  1970S/  and  in 
which  they  created  a  reputation  for  outstanding  quality/  was  computer 


Table  8.2  Relative  Importance  of  IQs  in  Semiconductor  Shipments 


Year 

Percentage  of  SCD  Shipments  Made  Up  of  ICs  (Measured  by 

Value) 

U.S. 

Japan 

1965 

11 

•  •  • 

1970 

38 

22 

1974 

57 

36 

1975 

57 

43 

1976 

61 

43 

1977 

60 

44 

1978 

63* 

53 

Sources:  Japan:  Japan  Statistical  Yearbook,  1980 

U.S.:  1967-1977,  Census  of  Manufactures; 

1978,  Current  Industrial  Report,  Selected  Electronic 
and  Associated  Products...  1978;  and  Annual 

Survey  of  Manufactures,  1978; 

1965,  Electronic  Industries  Association,  Electronic 
Market  Data  Book  1977 

*  Estimate,  based  on  assumption  that  shipments  of  devices  not  separately 
classified  have  same  distribution  as  classified  devices. 


memory  chips.  Memory  chips  are  the  largest  volume  product  line  in  tne 
semiconductor  industry/  have  the  highest  growth  rate/  and  promise  to 
continue  their  leading  role  because  of  their  central  importance  in  the 
manufacture  of  computers.  Computers/  in  addition  to  being  an 
extraordinarily  fast-growing  product  in  demand/  are  also  the 
technological  focus  of  Japanese  policies  to  promote  the  electronic 
industry. 

The  ice y  role  that  computer  chips  have  played  in  the  expansion  of 
Japanese  semiconductor  output  in  the  late  1970s  is  quite  striking. 

Table  6.3  shows  the  increased  role  of  ICs  in  Japanese  shipments  and 
exports/  and  to  some  extent/  tne  growing  role  of  computer  chips  (the 
principle  application  of  digital  MJS  chips  is  in  computer  logic).  It 
does  not  capture  the  central  role  that  computer  chips  played  in  export 
increases  in  1979  and  199;/  when  Japanese  chips  first  captured  a 
significant  share  of  the  U.3.  and  European  memory  chip  markets. 
Currently  the  largest  Japanese  firm/  Nippon  Electric/  is  tne  largest 
producer  internationally  in  the  important  market  for  dynamic  random 
access  memory  (RAM)  chips/  holding  almost  50  percent  of  the  global 
market.  152/ 

It  shall  be  argued  that  there  are  at  least  seven  possible 
historical  and  structural  reasons  why  quality  innovations  were 
introduced  by  the  Japanese/  and  not/  say,  by  their  U.S.  competitors  in 
semiconductors.  152/  Tne  first  was  a  matter  of  past  experience.  When 
Japanese  firms  pushed  their  way  into  the  international  transistor/  and 
transistor  radio  market  in  the  late  195Cs  and  early  1960s  (and  it 
should  be  remembered  that  this  probably  stimulated  the  first  offshore 
movements  in  the  U.S.  semiconductor  industry)/  the  Japanese  had  quality 
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Tabic  8.3  Recent  Role  of  ICs  In  Expansion  of  Japanese  SCD  Industry 


(All  figures  are  percentages) 


(Japanese  SCD  Shipments)  /  33 


(D.S.  SCD  Shipments) 


(IC  Shipments)  / 


(All  SCD  Shipments) ,  Japan 
(Digital  MDS  Shipments)  / 


(All  SCD  Shipments),  Japan  14 
(IC  Exports*)  /  (All  5.3 
1C  Shipments),  Japan 
(IC  Exports*)  /  17 

(All  SCD  Exports),  Japan 


Sources:  l.U.S.  Census  of  Manufactures,  Annual  Survey  of  Manufactures;  D.S. -Japan 
Trade  Council,  Council  Report  No.  41;  U.S.  Japan  Competlton  In  Semi- 
Conductors  :  Part  I  (December  7,  1979). 


U.S. -Japan  Trade  Council,  op  clt 
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problems  that  hindered  their  expansion.  Removing  the  stigma  from  the 
"Made  in  Japan"  label  was  made  a  matter  of  priority/  and  a  deliberate 
and  well-studied  program  of  quality  improvements  carried  out  for 
electronic  and  other  products.  A  considerable  body  of  experience  and 
expertise  in  quality  control  was  accumulated.  The  success  of  this 
program  is  oovious  today/  and  American  electronics  firms  frankly 
acknowledge  their  imitation  of  Japanese  techniques.  !$£/ 

Secondly/  the  aistory  of  semiconductor  demand  in  tae  two  markets 
also  played  a  role.  As  was  shown  earlier/  military  demand  for 
semiconductors  played  the  central  role  in  the  development  of  the 
U.S.  industry  in  tne  1950s  and  early  1960s.  Military  users  have  very 
special  requirements  for  quality  and  reliability;  155/  every  device 

I 

must  worx  properly  everytime.  Commercial  users/  on  the  other  hand/ 
face  a  tradeoff  Between  cost  and  quality/  and  can  select  the 
profit-maximizing  combination.  Every  part  supplied  to  military 
specif ications  was  required  to  be  inspected/  tested/  and  "burned  in"  by 
equipment  manufacturers.  These  "brute  force"  methods  of  quality 
control/  required  oy  the  military/  became  standard  in  the  American 
electronics  industry.  The  Japanese  producers/  on  the  other  hand/  who 
were  completely  dependent  on  the  commercial  electronics  market/  were 
free  to  adopt  entirely  statistical  approaches  to  quality  control/  which 
concentrated  on  improving  processes  of  manufacture  to  the  point  where 
the  defect  rate  was  low  enough  to  eliminate  the  need  for  costly  and 
time-consuming  testing  and  "burn  in"  procedures.  155/ 

Third/  the  changing  nature  of  semiconductor  technology  made  the 
Japanese  approach  to  quality  control--  reducing  the  manufacturing 
defect  rate  so  that  testing  by  the  user  was  unnecessary  —  much  more 


attractive*  With  highly  complex  VLSI  chips/  very  expensive 

*  * 

computerized  test  equipment  is  required.  While  this  fixed  cost  may  be 
a  necessary  cost  to  a  producer  of  chips/  it  becomes  increasingly 
burdensome  to  users.  With  simple  components  requiring  simple  testing 
procedures/  an  equipment  manufacturer  could  (uith  a  relatively  small 
investment)  guarantee  the  quality  of  the  parts  used  in  his  equipment; 
uith  tne  fixed  costs  of  testing  complex  chips/  houever/  it  is  much  more 
cost-effective  to  have  testing  done  by  a  centralize!  facility  operated 
by  the  manufacturer/  or  better  yet/  to  improve  manufacturing  processes 
so  that  testing  is  unnecessary.  Tne  increasingly  costly  test  equipment 
required  by  complex  VLSI  integrated  circuits  is  likely  to  have  made 
this  latter  Japanese  approach/  eliminating  the  need  for  costly  testing/ 
more  and  more  economically  advantageous. 

Tne  attractiveness  to  equipment  manufacturers  of  high  quality 
parts  is  central  to  the  fourth  reason  why  quality  improvements  were  a 
particularly  Japanese  innovation  in  semiconductors.  In  the  U.S./  many 
major  semiconductor  manufacturers  (and  there  were  over  106  firms 
manufacturing  ICs  alone  in  1977)  152/  only  produce  semiconductors,  in 
Japan/  integrated  circuit  manufacture  is  carried  out  by  perhaps  16 
firms/  151/  with  all  of  the  major  producers  integrated  into  much  larger 
electronic  equipment  producing  firms.  152/  There  was,  therefore/ 
probably  a  much  greater  tendency  among  the  Japanese  firms  to  tailor 
their  products  to  the  cost  economics  of  complex  equipment  manufacture 
than  existec  in  the  United  States. 

:  n*.--*  ?:»“*•  t  in  quality  control  may  partly  be  an 
investn  _r.t  in  very  ar.d  nignly-specialized  automated  machinery/ 

and  partly  a  fixed  investment  in  information  and  technology/  in 


optimizing  designs  and  studying  and  perfecting  manufacturing  processes. 
It  may  well  be  that  the  Japanese  government's  willingness  to  actively 
subsidize  research  and  development  in  these  areas  corrects  for  the  well 
known  potential  of  a  laissez-faire  market  economy  to  underinvest  in 
these  activities. 

The  apparent  relationship  between  uniform  and  high-quality  output 
and  the  use  of  very  expensive  automated  machinery  (which  may  also 
require  customized  design)  provides  a  sixth  reason  why  the  Japanese  may 
have  been  willing  to  make  these  heavy  investments  in  automated 
manufacture.  As  was  argued  earlier/  a  large  portion  of  the  capital 
supply  in  Japan  is  rationed  through  the  use  of  a  sophisticated  guidance 
machinery  coordinated  by  various  government  agencies.  There  is  a 
strong  case  to  be  made  that  government  policies  aimed  at  funneling 
capital  into  tne  Japanese  semiconductor  industry  have  had  a  significant 

f 

effect/  lowering  the  cost  of  such  capital  flows/  and  making  (as  was 
pointed  out  in  our  earlier  discussion  of  semiconductor  economics)  more 
capital-intensive  techniques  much  more  attractive.  i,pQ/ 

Finally/  there  is  much  more  to  quality  control  than  the  mere 
functioning  of  hardware  (much  of  the  production  equipment  used  by 
Japanese  firms  is  actually  purchased  from  U.S.  producers/  161/  except 
in  assemoly/  where  the  equipment  is  overwhelmingly  of  Japanese 
origin).  161/  Japanese  quality  control  methods  particularly  stress 
cooperation  oetween  production  workers/  managers/  and  engineers? 
so-called  "quality  circles"  in  which  workers  and  supervisors  discuss 
t  •  •  r  i:  6  an  i.-r^cTt  ant  part  of  tne  formula.  162/  Japan's  unique 

c*  idDor  relations/  in  which  workers'  and  managers' 
r  are  more  cooperative  and  less  adversarial  than  in  the 
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U.S.  and  Europe/  with  workers  expected  to  show  loyalty  to  the  company 
in  exchange  for  job  security/  probably  was  essential  to  the  development 
of  this  participatory  aspect  of  its  quality  control  methods.  1&£/ 
Japanese-type  quality  innovations/  it  should  oe  stressed/  have 
limitations.  There  is  a  tradeoff  between  quality  and  cost  from  the 
point  of  view  of  an  equipment  manufacturer/  with  the  parameters  of  that 
tradeoff  sensitive  to  the  complexity  and  cost  of  the  equipment  in  which 
the  seraiconuuctor  is  to  be  installed  and  the  difficulty  and  cost  of 
testing  tne  component.  Tnere  is  little  reason/  for  example/  to  insist 
that  delects  in  shipments  of  calculators  chips  to  be  Installed  in 
$7-dcllar  calculators  be  dropped  from  1000  to  100-205  parts  per 
million/  when  the  cost  of  the  equipment  and  processes  necessary  to 
achieve  those  levels  might  double  the  price  of  a  one  dollar  chip;  the 
$5/6(0  in  defective  calculators  saved  on  a  production  run  of  a  million 
would  be  lost  in  the  million  dollar  cost  of  the  improvement. 

Tne  increasing  sophistication  of  the  applications  in  whicn 
semiconductors  were  used/  and  especially  the  increasingly  large  share 
of  the  market  going  to  computer  chip  applications/  are  the  root  cause 
for  the  recent  stress  on  quality  by  semiconductor  consumers  (repeating 

'I 

the  arithmetic  exercise  above  with  a  half-million  dollar  minicomputer 

substituted  for  the  cheap  calculator  makes  clear  wny  manufacturers  of 
\ 

sophisticated  equipment  should  even  be  willing  to  pay  more  for  a  higher 
v 

quality  chip).  Japanese  semiconductor  merchants  should  get  full  credit 
for  grasping  tne  economic  significance  of  quality/  and  investing  in 
their  quality-related  innovations.  1$!/ 


Our  reasoning/  thus  far/  suggests  only  that  Japanese  producers  had 
good  economic  reasons/  the  historical  experience/  and  an  industrial 
structure  that  supported  tneir  move  into  the  high  volume  computer  chip 
market/  with  their  perfection  of  high  quality  processes  of  manufacture 
being  their  principle  marketing  tool  and  competitive  advantage*  Other 
reasons  must  be  found  for  the  location  of  these  facilities/  for  the 
most  part/  in  the  developed  countries/  since  offshore  labor  costs  are 
still  one-sixtn  to  one-eighth  tneir  level  in  Japan  (see  lable  6*7)* 

All  otner  things  equal/  it  still  would  have  been  cheaper  to  produce 
offshore*  rurthermore/  since  the  Japanese  tax  system  exempts  foreign 
investments  in  many  developing  countries  with  tax  treaties  with  Japan 
from  the  payment  of  Japanese  income  taxes/  it  would  also  seem  that  the 
return  to  capital  .investment  using  funds  raised  in  Japan  might  also  be 
greater  offshore  (since  most  "offshore**  countries  tax  export-oriented 
investments  at  low  rates/  or  oifer  tax  holidays)*  166/ 

One  explanation  for  the  paucity  of  Japanese  offshore  semiconductor 
investment  is  that  all  other  things  were  not  equal*  Certainly  the 
industrial  infrastructure  offshore  cannot  have  been  as  developed  as  in 
Japan/  and  capital  intensive  techniques  may  require  expenditures  on 
skilled  technicians  to  supervise  and  maintain  production  equipment  that 
are  significantly  more  expensive  offshore*  This  is  not  a  very 
convincing  explanation/  howevei/  because  these  factors  did  not  seem  to 
prevent  American  producers  from  setting  up  very  sophisticated  testing 
and  packaging  operations  in  these  offshore  locations*  Also/  the 
Japanese  electronic  component  industry  has  not  been  particularly 
raluctant  to  go  offshore*  In  1979/  for  example/  foreign  employment  by 
the  Japanese  Industry  was  about  90/009  workers/  of  which  89/000  were  in 


the  so-called  "offshore"  Asian  countries.  167/  Foreign  affiliates  of 
U.S.  firms  manufacturing  electronic  components  in  the  less  developed 
areas  of  Asia  and  the  Pacific  have  roughly  similar  levels  of 
employment/  amounting  to  some  101/000  workers  in  1977*  162/ 

The  fact  that  Japanese  firms  have  set  up  very  significant  offshore 
operations  in  developing  areas/  in  electronic  components/  also  casts 
doubt  on  anotaer  possible  explanation/  that  Japanese  investors  are 
considerably  more  averse  to  the  political  risks  of  offshore  production 
than  U.S.  investors.  169/  On  the  other  hand/  it  may  well  be  that  the 
much  greater  capital  intensity  of  automated  bonding  and  packaging 
processes  would  require  a  very  much  larger  stock  of  capital  invested  in 
a  portfolio  of  production  locations/  and  that  firms  are  reluctant  to 
shift  the  much  larger  fraction  of  their  capital  to  riskier  locations 
that  would  be  required  if  high  quality  automated  metnods  were  to  be  put 
in  place  offshore.  As  shall  be  noted  below/  analysts  of  the 
U.S.  semiconductor  industry  predict  that  a  moderate  amount  of 
U.S.  production  will  snift  back  to  the  U.S.  industry  as  U.S.  producers 
shift  into  increasingly  capital-intensive  technology. 

Another  purely  economic  factor  that  may  explain  Japanese 
reluctance  to  source  their  production  offshore  is  that  —  because 
freight  and  insurance  costs  are  roughly  proportional  to  value  for 
semiconductors  —  freignt  and  insurance  costs  will  be  a  much  greater 
barrier  to  trade  for  the  complex  computer  chips  that  Japanese  producers 
are  exporting  most  aggressively.  In  absolute  terms/  then/  the  greater 
tht  value  cl  tne  chip/  the  greater  the  transport  costs  on  the 

rouna-trip  btri.etn  offshore  location  and  market,  kith  automated 

< 

assembly/  labor  input  per  chip  is  reduced  and  hence  the  absolute 


magnitude  of  the  cost  savings  on  a  circuit  assembled  offshore*  The  net 
result  is  that  offshore  assembly  may  no  longer  reduce  overall  costs  for 
complex  chips  with  high  transport  costs  and  reduced  labor  content  due 
to  automation  in  the  assembly  process*  Also/  Japanese-made  chips  would 
face  a  significant  duty  cost  upon  entry  into  tne  U*S*  In  fact# 
precisely  this  explanation  is  given  by  Japanese  firms  when  explaining 
why  their  IC  production  for  the  U*S.  market  is  increasingly  being 
assemoled  and  packaged  in  the  u* S.  17C/ 

The  corollary  to  this  point  is  that  lfiss  complex  semiconductor 
devices  will  oe  produced  offshore  by  Japanese  producers/  even  when 
assembly  is  automated.  In  the  last  section  it  was  shown  that  Japanese 
use  of  offshore  assembly  facilities  does  seem  more  geared  toward 
producing  simpler  discrete  devices*  As  Table  8.4  shows/  the  responses 
of  a  sample  of  Japanese  semiconductor  producers/  guieried  about  their 
plans  for  expansion  of  offshore  facilities/  supported  this  hypothesis* 
□f  12  planned  future  manufacturing  operations  in  Asia/  only  one  was  to 
supply  the  more  sophisticated  KJS  1C  types  (wnich  includes  less  complex 
chips/  as  well  as  highly  integrated  computer  chips)/  four  were  slated 
to  produce  simpler  linear  JCs,  and  seven  scheduled  to  produce  simple 
discrete  devices* 

Finally/  three  institutional  and  political  factors  may  affect 
Japanese  sourcing  decisions.  First/  Japanese  producers  are  clearly 
sensitive  to  the  political  pressure  for  protection  that  their 
Increasing  U.S.  market  share  will  be  generating  within  the 
ir.CLStriec,  121/  and  their  decisions  to  produce  for  the  U.S.  market 
with  U.S. -based  plants  undoubtedly  takes  these  pressures  into  account. 
Tne  recent  experience  of  Japanese  auto  and  television  exporters  with 


Ihhle  8.4  Plans  for  Future  Foreign  Operations  in  SCD  Production 


(Nurber  of  responses  by  Japanese  firms.) 


Product 

North  America 

N  E 

Asia 

N  E 

Transistor/diode 

1  5 

Power  transistor 

1 

Linear  IC 

4 

Bipolar  IC 

1 

MX  IC 

'  1 

1 

K:  Establish  new  production  site 
E:  Expand  existing  facility 

Source:  Japan  Electrical  Machinery  Industry  Association  (1980,  in 


Japanese),  p.  227 
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U.S.-trade  restrictions  have  made  clear  that  setting  up  U.S.-based 

m 

operations  will  deflect  such  protectionist  pressures.  172/ 

Second/  the  distinctly  Japanese  system  of  labor  relations  (in 
large  Japanese  companies  —  these  considerations  are  not  so  important 
in  smaller  firms)  adds  another  dimension  to  production  decisions, 
decause  workers  are  basically  assured  job  tenure  (in  return  for  loyalty 
to  tne  firm  and  very  few  strikes  or  labor  problems)  the  permanent  labor 
force  is  effectively  a  fixed  factor  of  production.  Maximizing  the 
profitability  of  investment  as  demand  grows/  in  this  context  would 
imply  shifting  production  overseas  of  those  items  with  the  greatest 
labor/capital  ratios/  subject  to  the  constraint  that  domestic 
employment  be  maintained. 

This  appears  to  be  the  strategy  of  Japanese  electronic  firms.  The 
bulk  of  Japanese  producers'  offshore  employment  tends  to  be  in  more 
laoor-intensive  discrete  devices.  121/  And  as  Table  B.d  makes  clear/ 
employment  in  semiconductor  manufacture  in  the  ten  top  Japanese  SCI) 
producers  has  been  roughly  constant  over  most  of  the  1970s/  but  with  a 
greater  and  greater  portion  of  the  labor  force  shifted  into  production 
of  integrated  circuits.  A  recent  report  by  the  Japan  Electrical 
Machinery  Industry  Association  explicitly  states  that  in  order  to 
maintain  domestic  employment/  Japanese  electronics  producers  will  have 
to  shift  into  products  with  greater  value  added  in  their  home  plants/ 
and  transfer  items  with  low  levels  of  value  added  to  their  offshore 
production  base/  a  process  that  will  need  to  be  "coordinated,  carefully 
by  each  Japanese  manufacturer."  In  short/  maximizing  returns  while 
maintaining  employment  levels  appears  to  be  the  objective  of  Japa.  ase 
firms/  an  objective  that  necessarily  dictates  the  wholesale  transf  v  of 


Table  8.5  Domestic  Employment  in  the  Japanese  IC  Industry 

(Data  refer  to  10  largest  IC  producers) 


Persons  enployed  in  producing 
sanioonductors  (in  thousands) : 

Employment  in  IQs  as  %  of  enployment 
in  sanioonductors* 

Employment  in  sendoonductors  as  % 
of  eiployment  in  all  estabLishnents 
of  firms: 


Source:  U.S.  TTC  (Nobember,  1979),  Table  A60. 

♦NEC,  Hitachi,  To&iba,  Matsushita,  Mitsubishi,  Sharp,  Sanyo,  Sony,  Fujzitsu,  Oki 


production  of  much  more  labor  intensive  items  offshore  before  large 
amounts  of  production  of  the  more  complex  types  of  semiconductors  leave 
Japan. 

Thirdly,  because  Japanese  semiconductor  firms  have  benefitted  from 
implicit  or  explicit  government  subsidies  to  investment,  it  seems 
unlikely  that  they  could  make  use  of  these  funds  without  paying 
attention  to  national  priorities.  It  can  be  argued  that  part  of  the 
implicit  social  contract  in  Japanese  industry,  to  which  firms,  workers, 
and  government  are  parties,  is  tnat  in  excnange  for  labor's  peace  and 
cooperation,  and  government  assistance,  producers  are  committed  to 
maintaining,  wherever  possible,  Japanese  employment. 

To  conclude  this  interpretation  of  Japanese  use  of  offshore 
production  facilities  in  the  semiconductor  industry,  it  may  be  useful 
to  review  our  arguments.  The  puzzle  we  nave  attempted  to  explain  is 
why  Japanese  producers  have  not  made  extensive  use  of  the  offshore 
production  stragegy  used  by  profit-maximizing  U.S.  producers.  Our 
starting  point  was  to  note  that  the  recent  penetration  of  global 
semiconductor  markets  by  Japanese  producers  was  associated  with 
important  quality  innovations  that  some  U.S.  firms  are  still  in  the 
process  of  adopting.  The  economic  application  of  these  innovations, 
which  involves  the  use  of  automated  assembly  techniques,  requires  large 
production  runs,  and  therefore  is  limited  to  high  volume  production 
items,  which  include  the  large  and  fast-growing  computer  chip  market. 

A  whole  list  of  factors  made  the  adoption  of  these  techniques 
attractive  to  Japanese  firms. 
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The  reasons  why  automated  techniques  used  by  the  Japanese  for  the 
high  volume  computer  chip  market  are  not  being  installed  in  offshore 
facilities  are  both  economic  and  institutional.  From  a  strictly 
economic  point  of  viewy  labor  content  is  a  smaller  and  smaller  portion 
of  cost  for  more  complex  types  of  semiconductors/  and  the  absolute  cost 
savings  realized  from  producing  in  low  wage  areas  less  and  less 
important.  Since  transport  and  duty  costs  are  roughly  proportional  to 
cost/  on  the  other  hand/  the  absolute  magnitude  of  these  costs  has 
riseii  considerably  for  complex  devices.  For  advanced  devices  imported 
into  the  J.S.  or  Japanese  markets/  in  fact/  the  net  impact  on  cost  of 
producing  oftsnore  has  become  quite  marginal/  or  even  negative. 

Greater  political  risks  that  would  necessarily  be  faced  with  heavy 
investment  in  offshore  facilities  may  tip  the  final  market  balance  even 
further  toward  producing  within  or  exporting  from  Japan. 

Coupled  to  these  economic  considerations  are  some  distinctive 
institutional  features  of  the  Japanese  economy  which  discourage 
offshore  investment.  Protectionist  pressure  that  is  generated  by 
U.S.  semiconductor  firms  points  to  production  within  the  U.S.  market  as 
a  strategy  for  avoiding  import  restrictions.  The  Japanese  employment 
system  requires  that  Japanese  firms  maintain  domestic  employment 
levels/  and  more  labor-intensive  products  have  mainly  been  those 
transferred  to  offshore  production  locations/  to  date.  Finally/  the 
great  degree  to  which  the  Japanese  semiconductor  industry  has  been  the 
recipient  of  government  assistance  argues  for  strict  respect  by  SCD 
producers  of  the  commitment  to  full  employment  that  is  an  essential 
part  of  the  social  compact  among  labor/  industry  and  government  in 

» 

Japan. 
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This  is  not  to  say  that  offshore  production  will  not  become  an 
important  feature  of  tne  Japanese  semiconductor  industry*  As  we  have 
seen  in  this  section  and  the  last/  Japanese  semiconductor  operations  in 
the  low  cost  offshore  areas  of  Asia/  while  still  small/  have  been 
growing  rapidly.  We  would  expect  to  see  Japanese  production  of  the 
simplest/  most  labor-intensive  types  of  devices  to  be  located/ 
increasingly/  in  the  low  cost  Asian  countries/  while  the  more  expensive 
complex  devices  are  produced  in  the  market  that  is  their  final 
destination. 

we  turn  next  to  a  brief  consideration  of  whether  the  offshore 
operations  of  U.S  firms  which  account  for  most  offshore  activity  in  the 
global  semiconductor  industry/  will  fall  into  a  similar  pattern. 


9.  lb£_£££Qfili£S.Ql_Q£l£il&X&.E£&dU£lifia 

As  the  discussion  of  the  previous  sections  has  indicated/  the 
decision  to  produce  offshore  is  a  fairly  complex  one*  Recent  changes 
in  the  technology  of  the  integrated  circuit/  and  its  manufacture/  and 
in  the  institutional  environment  which  interposes  certain  barriers 
(especially  tariffs)  to  trade/  make  it  worthwhile  to  consider  the 
economics  of  offshore  assembly.  For  the  moment/  we  shall  ignore  the 
riskiness  of  investment  in  some  of  the  less  stable  low-wage  areas/  and 
consider  only  the  various  certain  costs  of  investment  in  the  offshore 
countries.  Our  analysis  will  focus  on  two  key  aspects  of  such 
investment:  t:ie  importance  of  tariff  and  transport  costs  as  barriers 

to  trade/  and  the  likely  effects  of  increased  automation  in  the 
assembly  process  on  the  location  of  assembly  operations. 

The  most  reliable/  albeit  limited/  information  on  offshore 
production  economics  is  that  collected  by  the  U.  S.  Customs  Services 
wnen  duty-free  content  is  declare!  as  tariffs  are  collected  on 
U*  S.  offshore  imports.  Table  9.1  summarizes  available  information  on 
the  percentage  of  offshore  (805  aQii  807)  imports  coming  in  under  item 
807/  and  the  u.  S.  content  of  806/807  imports  as  a  percent  of  total 
value. 

Tne  information  on  the  percentage  of  imports  coming  in  under 
806/8C7  is  significant  because  it  tells  us  something  about  how  quickly 
producers  respond  to  their  economic  environment.  Item  896*30  is 
generally  much  more  costly  to  use  than  tariff  item  807*00/  since  the 
item  must  be  certified  and  loaded  under  the  supervision  of  a  Customs 
officer/  and  the  nature  and  cost  of  processes  of  manufacture  carried 
out  overseas  registered*  124/  CJn  the  other  hand/  prior  to  about  1975/ 


Source:  Sane  aa  In  Table  5.4*  end  U.S.I.T.C 


the  operations  qualifying  as  "processing"  were  much  leas  restrictive 
than  those  permitted  under  BG7.  An  important  court  case  in  1976 
(U.  s.  vs.  Texas  Instruments/  Inc.)/  however/  established  that  silicon 
wafers  could  be  scribed  and  broken  within  the  definition  of  "assembly/" 
which  could  only  have  been  done  previously  under  the  606.30 
provisions.  1X5/  As  can  be  observed  in  Table  9.1/  while  807  had  been 
declining  in  importance  prior  to  1975/  it  grew  rapidly  in  importance 
after  tnat  court  case/  accounting  for  97  percent  of  offshore  imports  by 
1979.  Producers  responded  rapidly  to  take  advantage  of  the  more 
advantageous  processing  requirements. 

The  'J.  S.  content  of  assembly  imports  showed  a  general  tendency  to 
increase  over  the  1966-69  period/  a  decline  over  the  1971-74  period/ 
and  an  increase  over  the  1976-79  period.  The  International  lrade 
Commission  attributed  the  decline  in  U.  S.  content  over  the  1973-75 
period  to  suostitution  of  foreign-made  components  for  U.  S.-made 
components  and  to  technological  improvements  in  manufacturing  processes 
(which  presumably  would  lower  the  price  of  U.  S.-made  components).  1X5/ 
The  iQ£££2££  in  U.  S.  content  over  the  1975-78  period  was  also 
attributed  to  technological  advances  by  the  U.  S.  1.  T.  C.  (which 
involved  more  "efficient  and  capital-intensive  methods  of 
production")  121/ 

It  does/  in  fact/  seem  reasonable  to  attribute  both  the  increases 
and  decreases  in  U.  S.  content  to  technological  factors.  Over  1970  to 
1975/  fes  process  technology  for  medium-scale  integration  of  circuits  on 
a  silicon  chip  was  improved/  the  cost  of  producing  a  functioning 
silicon  chip  did  decline.  And  witn  the  commercialization  of  a  new 
generation  of  devices  over  the  1975-78  period/  using  much  more  complex 
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and  expensive  chips/  it  is  not  surprising  that  U.  3.  content  rose  in 
relative  value* 

The  objection  sight  r>e  made  tout  aggregation  over  countries  and 
products  may  cause  spurious  trenis  in  U.  S.  content/  resulting  from 
changes  in  the  geographical  and  product  distribution  of  offshore 
production*  Appendix  Table  S.A.l  breaks  down  U.  S.  6C6/6'7  SCO  content 
oy  country/  and  Appendix  Table  9.A.L  breaks  ao*’n  U.  S.  content  by 
7-argrt  product/  at  available  levels  of  product  detail  for  ICs/  by 
country*  j.ie  same  basic  trenis  noted  above  persist  witn  much  greater 
levels  of  dir  aggregation. 

las  increased  complexity/  and  value/  of  tne  silicon  caips  from 
which  integrated  circuits  are  assembled/  has  potentially  important 
effects  on  tne  pattern  of  international  trade  in  cnips.  This  is 
because  tne  caret  barriers  to  trade/  tariff  ana  transport  costs/  are 
basically  proportional  to  the  value  of  tne  chip.  Let  t  be  the 
tariir  rate  coming  into  an  in  lust r iaJ izea  country  market/  ani  let 
oe  freight  ana  insurance  costs  (going  and  coming)  for  a  chip 
shipper  overseas  for  assembly/  and  then  re-inported.  ..e  cm  tnen 
express  the  cost  savings  from  ofisnore  assembly  and  packaging  as  a 
traction  of  tie  cost  of  assembly  if  done  entirely  domestically/ 

L  for  *  *8 

(9.1)  A£or  -  1  -  t  (1  +  t  +  f)  -  m  (t  +  f) 

with  £  tne  ratio  of  foreign  to  domestic  assembly  and  packaging 
costs/  t  tr.e  ratio  of  chip  cost  to  domestic  assembly  cost,  lli/ 
Cleat  ly  the  greater  JL  (tae  smaller  the  saving  from  foreigii  assembly) 
or  m  (the  less  the  importance  of  assembly  in  overall  production 
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cost)/  or  t  or  4*  (the  greater  the  barriers  to  trade)/  the  less 

-  • 

attractive  offshore  assembly  becomes*  Increased  chip  complexity  makes 
for  a  larger  value  of  m  ;  for  m  sufficiently  large/  it  is  quite 
possible  that  the  tariff  and  transport  costs  on  sending  the  chip 
offshore  for  assembly  and  packaging  more  than  offset  the  cost  savings 
in  the  actual  assembly/  so  that  expression  (9*1)  is  negative* 

If  the  offshore  assembly  U*  S*  tariff  provisions  are  used/  no 
U.  S.  duties  are  charged  on  the  value  of  the  U*S*-tuade  chip  upon 
reentry/  and  (9*1)  becomes  (denoting  cost  savings  with  806/807  as  a 
fraction  of  U.S.  assembly  costs  by  Agg7  ) 

C9.2)  A8Q7  -  1-1  (l  +  t  +  f)-ttf 

dhile  it  is  theoretically  possible  that  the  806/807  tariff  provisions 
made  offshore  assembly  operations  economically  viable  that  might  not 
otherwise  have  been  cost  effective/  it  is  clear  that  tnis/ 
historically/  was  not  the  case.  122/ 

This  latter  point  is  made  quite  effectively  using  cost  data  for 
the  early  1970s/  summarized  in  Table  9*2*  It  might  be  argued  that 
since  the  tariff  rate  in  the  early  1960s  was  12*5  percent/  declining  to 
6%  in  1972  after  the  Kennedy  cuts/  the  use  of  606/807  provisions  may 
have  been  more  economically  Important  in  the  early  1960s*  The 
calculations  of  Table  9*2  reveal  this  to  be  an  insignificant  factor/ 
however*  Offshore  assembly  probably  lowered  assembly  costs  for  simple 
devices  some  5°  to  60  percent  in  the  early  1970s/  with  the  use  of 
tariff  previsions  shaving  off  perhaps  another  1%  of 
'j .  2.  iiseirijy  costs.  The  same  cost  structure/  with  the  1960#s  tariff 
rale  oi  121/  yields  basically  identical  results* 


Table  9.2 


Cost  Reductions  Due  to  Offshore  Assembly,  1973 
(as  %  of  U.S.  Assembly  Cost) 


Complex  Devices 
(LSI  and  complex  ICs) 

l  m  .4  l  m  ,6 

m  *  .06  m  ■  .9 


Afor 

with  12% 
tariff 

53% 

17% 

with  6% 
tariff 

56% 

27% 

Ae07 

with  12% 

54% 

28% 

tariff 

54% 

with  6% 
tariff 

56% 

32% 

Source:  f, 

t,  £ ,  m,  A  ,  Aeo7,  defined  in  text, 

for 

f  =  .03  assumed,  in  line  with  Table  4.1. 


I,  m  calculations  based  on  data  in  Appendix  Table  9. A. 3 
and  assumption  that  U.S. /off shore  labor  cost  ratio  is  4. 


Simple  Devices 

(discrete  SCDs  or  simple  ICs) 


With  more  complex  devices/  the  arithmetic  is  somewhat  different/ 
but  still  implies  that  the  existence  of  the  636/807  tariff  provisions 
was  only  a  marginal  factor  affecting  the  decision  to  assemble  offshore. 
With  more  complex  devices/  the  cost  of  the  chip  relative  to 
U.S.  assembly  costs  (m)  increased  drastically/  while  the  ratio  of 
offshore  to  U.S.  assembly  costs  (  %  )  increased  slightly/  due  to 

the  greater  relative  expense  of  the  more  elaborate  packaging  materials 
used.  Still/  offshore  assembly  with  606/607  saved  about  one-third  of 
U.  S.  assembly  costs/  with  8f6/837  responsible  for  a  5  percent  saving 
over  U.  S.  assembly  costs.  Lven  with  the  old  12%  tariff  rate/  and  no 
306/607  tariff  rate/  a  suostantial  saving  would  have  been  realized  by 
packaging  chips  offsnore. 

kith  the  even  greater  complexity  of  new  generations  of 
sophisticated  integrated  circuits/  however/  this  situation  may  have 
changed.  As  Table  9.3  shows/  a  simple  device  (a  linear  op  amp  IC) 
would  cost  about  23%  more  to  manufacture  in  the  U.S.  than  offshore/ 
using  .806/807/  or  about  24%  more  if  836/807  were  not  used  (or  a 
non-U. i>.  chip  were  assembled).  With  a  complex  computer  memory  chip 
(16K  RAM)  however/  this  situation  changes  dramatically.  U.S.  assembly 
would  now  raise  manufacturing  cost  about  6%/  using  806/337/  and  leave 
cost  almost  unchanged  if  806/807  were  unavailable  (or  if  the  chip  were 
fabricated  overseas).  The  situation  is  basically  the  same  for  the  even 
more  complex  64K  RAM/  except  that  offshore  manufacture  is  actually  a&££ 
expensive  when  836/837  cannot  be  used. 


a 


Table  9.3 
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Cost  Data,  Selected  ICs,  1979 


l- 

f. 

: 

i 


64K  RAM* 
(16  pins) 

16K  RAM 
(16  pins) 

(  U.S.  $  ) 

4 

Linear  Op  AMP 
(14  pins) 

Assembly  &  Package 
Cost /Chip 
(plastic  package, 
off  shore  assembly) 

.10 

.10 

.06 

Assembly  Yield 

90Z 

90% 

75% 

Pinal  Test  Yield 

65Z 

70% 

70% 

Assembly  Cost/ 
Yielded  Chip 

.17 

.16 

.11 

Total  Manufac¬ 
turing  Cost/ 

4.11 

2.57 

.37 

Yielded  Chip 

As 

Percent  of  Offshore  Manufacturing  Cost 

Assembly  Cost/ 
Manufacturing 

Cost 

4.1% 

6.2% 

30% 

Cost  Changes  if 
Assembled  in  U.S. 

(as  Z  offshore 
total  manufacturing 
cost) : 

A  Assembly  Cost 
(assumed  doubled) 

4.1% 

6.2% 

30% 

A  duties  paid 

a.  If  U.S.  chip 
•  806/807  used 
(6Z  X  Assembly 
Cost) 

-.25% 

-.37% 

-1.8% 

b.  If  806/807 
not  used 
(6%  X  Total 
Manufacturing 
Cost) 

-6% 

-6% 

-6% 

Met  Change:  a. 

b. 

+3.85% 

-1.9% 

+5.83% 

+  .2% 

+28.2% 

+24% 

<1 


ri 


i 


»1 


» 


9 


9 


* 


*64K  RAM  data  Is  estimated,  for  1981.  Other  figures  are  actual  costs  for  1979. 
Source:  Based  on  data  in  Dicken  (1980),  pp.  79-83. 
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The  implications  of  increasing  chip  costs/  then  are  quite 
striking.  For  complex  ICs/  the  availability  of  the  offshore  assembly 
tariff-spar ing  arrangements  can  be  the  decisive  factor  in  the  decision 
to  locate  assembly  facilities  overseas.  If  they  are  unavailable  (as  is 
the  case  for  Japanese  affiliates  assembling  Japanese-made  computer 
chips  for  sale  in  the  U.S.  market)/  it  is  actually  more  economic  to 
assemble  in  the  U.  S.  1£2/ 

Also/  because  increasing  chip  complexity  means  that  assembly  costs 

are  a  smaller  and  smaller  fraction  of  total  manufacturing  costs/  the 

cost  savings  realized  from  offshore  assembly  of  complex  devices  becomes 

a  smaller  and  smaller  part  of  the  overall  cost  of  production.  1£1/  It 

may  well  be  that  the  more  important  fabrication  costs  will  increasingly 

determine  the  location  of  production.  lfU/ 

The  increasing  importance  of  quality  in  complex  chips,  and  the  use 

of  automated  tecnniques  associated  with  higher  quality  levels,  promises 

to  accentuate  this  trend.  Kith  automation,  the  cost  differential 

between  domestic  and  offshore  assembly  will  continue  to  narrow,  and  the 

relative  importance  of  chip  cost  in  overall  manufacturing  cost  will 

continue  to  rise  with  more  complex  chips  (as  will  the  costs  of  tariffs 
* 

and  transport).  The  result  will  be  that  offshore  assembly  will  be  less 

and  less  attractive  for  the  more  advanced  chips. 

\ 

While  there  is  substantial  evidence  that  U.  S.  firms  have  recently 
% 

begun  to  automate  their  offsnore  operations  in  response  to  the  Japanese 
qualify  challenge,  132/  the  overall  prognosis  for  the  future  must 
certainly  oe  that,  as  the  most  complex,  high  quality  chips  become  a 
larger  and  larger  fraction  of  the  market,  offshore  assembly  will  tend 
to  sr.iit  bacic  to  the  domestic  market  where  the  chip  is  sold.  To  some 
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extent  tnis  may  be  offset  by  the  forthcoming  tariff  cuts  (to  4  percent) 
in  the  U.  S.  and  Japanese  markets.  Also/  learning  economies  will 
eventually  decrease  chip  cost  for  the  more  recently  introduced  complex 
chips.  Still/  a  recent  market  research  study  predicted  that 
U.  S.  -assembled  semiconductors  will  rise  from  29  to  39  percent  of 
U.  S.  consumption  by  the  end  of  the  l93Cs/  1££/  and  these  cost 
considerations  certainly  back  this  prediction. 

It  mignt  also  be  thought  that  use  of  automated  techniques/  in  and 
of  itself/  would  tend  to  shift  assembly  back  to  the  industrial  country 
markets.  fhe  argument  would  be  that  use  of  sophisticated  machinery 
requires  a  more  skilled  labor  force  than  is  available  in  most 
developing  countries.  I'hile  the  maintenance  and  engineering  staff 
required  must  certainly  increase  in  more  mechanized  operations/ 
however/  the  available  evidence  suggests  that  a  lass  skilled  production 
work  force  is  actually  required  with  automated  bonding  and  packaging 
lines,  fthile  it  takes  about  3  months  for  a  worker  to  learn  manual 
bonding/  and  two  months  to  become  skilled  at  manual  die  attachment/ 
about  two  of  experience  are  required  to  train  the  operator  of 

machinery  performing  either  operation.  i£5/ 

We  conclude/  tnen/  that  while  savings  on  offshore  assembly  costs 
have  for  decades  made  it  worthwhile  to  go  offshore/  with  or  without  the 
use  of  806/607-type  tariff  provisions/  that  situation  is  rapidly 
changing  for  t.ie  most  complex  devices.  For  those  complex  ICs  (like 
computer  memory  chips)/  the  use  of  806/807  is  important  to  the  decision 
to  assemble  offshore.  As  chip  complexity  (and  value)  continues  to 
increase/  and  automation  continues  to  reduce  onshore/offshore  assembly 
cost  differentials/  we  expect  that  assembly  of  the  most  complex  types 


of  chips  will  shift  back  to  the  final  market  where  the  chip  is  used* 
Autonation/  however/  in  and  of  itself  will  probably  not  force  this  to 
occur  because  of  changing  skill  requirements/  since  lfifis  skilled 
workers  are  probably  used  on  an  automated  packaging  line* 

Automation/  since  it  increases  capital  intensity/  will 
increase  the  need  to  invest  much  larger  volumes  of  assets  in  offshore 
operations  that  are  upgraded*  As  this  occurs/  manufacturers  of 
semiconductors  will  give  even  greater  attention  to  the  possible 
political  risks  associated  witn  large-scale  investments,  we  next  turn 
to  the  more  elaborate  analysis  needed  to  take  into  account  the  effects 
of  such  risks  on  producers'  production  location  decisions. 


U.S.  Content  of  806/807  SCO  Imports  (X) 


Source:  Data  furnished  on  magnetic  tape  by  U.S.I,T,C 
£  ]  :  less  than  .5  million  US  $  In  Imports. 


Table  9.  A.  2 

U.S.  Content  of  ICs  Entered  Under  806/807  (%) 


Source:  Data  furnished  on  aagnetlc  tape  by  U.S.I.T.C 
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Tabic  9.  A.  3 

Manufacturing  Costs,  1973 
(Dollars) 


Discrete  or  Simple  ICs 


LSI  &  Complex  Chips 


Cost  per  Yielded  Chip 

Packaging  Cost 

Labor  (Assembly,  Offshore) 


t  TOTAL  COST 


Source:  E.F.  Hutton  and  Co.,  cited  In  Office  of  Producer  Goods,  U.S.  Department 
of  Commerce  (1979),  p.  73. 
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10.  Xfc£.l2!£a£i-fiX_£fiUDlLX.&lSk 

Various  sorts  of  evidence/  from  the  statements  of  the  managers  of 
multinational  semiconductor  firms/  to  the  observed  changes  in  the 
patterns  of  BOo/807  SCO  imports/  suggest  that  the  diversification  of 
country-specific  risk  in  production  is  an  important  objective  of  firms 
engaged  in  offshore  production.  If  one  reads  the  1978  annual  report  of 
Motorola/  a  major  SCO  producer/  for  example/  one  finds  a  list  of 
semiconductor  manufacturing  facilities  scattered  around  the  globe.  As 
if  to  reassure  stockholders/  however/  the  report  states  that  no  single 
facility  or  country  located  outside  the  U.  S.  accounts  for  more  than 
10%  of  sales/  revenues/  assets. 

Taking  account  of  tne  riskiness  of  offshore  production  adds 
(,'  considerable  complexity  to  a  realistic  analysis  of  the  production 
location  decisions  of  firms.  Clearly/  finding  the  'least  cost' 
location  will  no  longer  be  the  slDS .OVa-OgD  of  selecting  an  offshore 
production  site.  Rather/  a  risk-averse  producer  snould  logically 
j  diversify  production  among  a  portfolio  of  sites/  with  considerable 
variation  among  average  costs  in  these  locations  a  distinct 
possibility. 

•  The  analysis  of  this  section  will  focus  on  constructing  the 

simplest  possible  model  of  offshore  production  tnat  captures  in  a 

reasonably  realistic  way  the  problem  of  diversifying  production 
\ 

4  location  to  reduce  the  political  risks  of  offshore  investment.  This 
model ^Hill  tnen  be  used  with  actual  data  on  the  offshore  operations  of 
the  U.  S.  semiconductor  industry.  The  empirical  parameters  to  be 

*  estimated  will  be  useful  in  assessing  the  impact  of  wage  changes/  and 
shifts  in  investors*  perceptions  of  political  risk/  on  the  sourcing  of 


■4 


< 


offshore  imports/  and  on  the  use  of  f oreign-produced  inputs* 

dad£l£^X-iiiX£I£i£i££li.££-iD-&U3bfiIfi.E£fidu£.LUQ 

Modelling  tne  decision  process  leading  to  a  manufacturer 
scattering  his  production  among  a  number  of  risky  locations/  rather 
than  a  single  risky  location  which  might  have  the  lowest  average  cost# 
requires  an  explicit  specification  of  how  a  manager  trades  off  the 
expected  return  in  a  location  against  the  country-specif ic  risk  he 
incurs  when  investing  in  that  location.  It  should  be  stressed 
that  —  because  semiconductor  assembly  by  U.  S.  offshore  affiliates 
has  not/  histor ically/  been  a  particularly  capital  intensive  process/ 
requiring  huge  investments  in  production  equipment  136/  —  the  risk 

(  that  is  run  is  as  much  from  unexpected  disruptions  to  production  in  a 
nigniy  competitive  business/  as  the  risk  of  confiscation/ 
expropriation,  nationalization/  or  vandalization.  Strikes/  wars/ 

I  unforeseen  exchange  rate  liuctuat ions/  revolutions/  nyper inf iations/ 
political  turmoil/  and  other  potential  disruptions  to  production  are 
probably  as  costly  or  costlier  than  a  mere  threat  to  capital.  In  fact/ 
(  the  relatively  simple  production  equipment  required  in  the  past  for 
assembly  is  probably  fairly  mobile  in  the  strictly  physical  sense. 

Ke  shall  treat  the  diversification  of  assembly  operations  across 
I  countries  as  a  special  case  of  the  classic  analysis  of  portfolios  of 
risky  assets  that  goes  back  to  the  seminal  worx  of  TObin  (1959)  and 
Sharpe  (1964).  A  complete  exposition  of  the  results  we  shall  cite  is 
t  contained  in  the  technical  aopendix  to  this  section. 


« 
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results  are  discussed* 


Given  these  assumptions/  it  can  be  shown  (see  the  technical 
appendix  to  this  section)  that  the  optimal  strategy  for  a  production 
manager  allocating  proauction  among  the  risky  locations  is  so  select  an 
optimal  value  of  capital  investment  in  country  i/  Ki*,  as 


>.l)  Kt  *  -  “  ir  -r 

a 


o  -  l  CU  A 


— 

.  o2 


where 


0  ei 

is  the  average  (or  equivalently/  marginal/  with  constant 


returns  to  scaie)  return  to  a  dollar  invested  in  producing  in  location 

1;  rQ  is  tne  riskless  return;  jf  and  the  's  are  portfolio 

;onstants  reflecting  the  market  price  of  risk/  and  the  covariances  of 

tne  market  portfolio  ox  assets  with  the  l  underlying  factors 

affecting  offshore  returns,  respectively;  the  Ci  's  are  location 

specific  constants  reflecting  the  influence  on  returns  in  location  i  of 

the  t  underlying  factors;  U2/  and 
2 

a  is  the  variance  of  that  component  of  return  in  location  i  that  is 
ci 

independent  of  tne  underlying  factors,  and  hence,  from  the  return  on 
all  other  assets.  Return  on  SCO  assembly  in  location  1,  *  *  is  a 

function  of  a  vector  of  input  prices,  faced  in  location  i  and  of  output 
price*  fhe  value  of  an  assembled  semiconductor  device,  P  '•  There  are 
j  input  and  output  prices. 

We  can  write  the  part  of  (10.1)  in  brackets  as  a  function  g 


CIO. 2) 


S  (*i  (P^  ) i  ro 


.  »  .  e  V  JL 


Our  basic  assumption  is  that  the  manager  of  production  scheduling 
in  a  multinational  semiconductor  firm  acts  as  a  portfolio  manager/  with 
some  fixed  allocation  of  investible  resources  to  be  distributed  among 
assets*  A  semiconductor  investment  in  every  production  location  is 
treated  as  a  unique  asset/  with  some  country  risk  of  its  oun/  so  that  a 
dollar  of  investment  in  SCO  assembly  in  country  i  is  expected  to  yield 
some  average  return  *1  /a  function  of  production  costs  in  country 
iz  and  have  some  variance  around  that  average  return  o*  /  as  a 
consequence  of  country-specific  risk.  Industry  production  managers  act 
in  the  interest  of  risk-averse  investors/  and  are  assumed  to  select 
portfolios  of  production  investments  that/  in  the  aggregate/  are 
efficient.  162/ 

We  make  tnree  other  simplifying  assumptions: 

1.  There  are  constant  returns  to  scale  in  assembly; 

k.  The  returns  to  producing  in  different  offsnore  locations  are 
related  to  each  other  (and  to  the  returns  on  all  other  assets) 
only  through  common  relationships  with  a  number  of  basic 
underlying  factors;  ISfi/ 

3.  A  riskless  asset  paying  return  r0  exists  (government  bonds 
are  usually  cited  in  this  role  in  the  finance  literature). 

The  model  we  construct  in  this  section  also  makes  a  number  of 
assumptions  about  producers'  adjustment  behavior.  In  particular/  we 
assume  that  price  expectations  are  formed  adaptively/  and  that  actual 
capital  stock  adjusts  partially  in  response  to  changes  in  its  optimal 
desired  level.  The  reader  uninterested  in  the  technical  details  of 
this  model  is  urged  to  skip  to  the  end  of  this  section/  where  the 
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(de  use  the  '  notation  to  denote  a  vector.)  For  our  econometric  work/ 
we  will  express  (10.2)  in  terms  of  natural  logarithms/  and  represent  In 
g  by  a  first-order  approximation  linear  in  the  natural  logs  of  its 
arguments/  i.  e.  , 

* 

(10.3)  in  K  •  I  d.  in  P  +  H  +  J  . 

*  J  J  1 

Barring  structural  change/  intercept  term  h  contains  the  effects  of  all 
variables  constant  for  all  locations  (i.e.  /  for  all  i,  including  the 
loglinear  terms  in  u,  re  ,  the  A^'s)/  and  takes  on  a  different 
value  in  every  time  period  as  those  variables  and  the  market  portfolio 
change.  Country-specific  shift-term  J  includes  the  effects  of  all  the 
variables  whose  values  are  unigue  to  country  i/  and  do  not  shift  over 

3 

time  (i.e.  /  /  the  's).  A  change  in  investors'  perceptions  of 

*  0 

country  risk/  by  cnangmg  tne  C.  ,  's  and  O’  /  will  alter  the  value  of 

-J  6; 

Ji.  Technical  change  will  shift  H  if  it  is  of  the  output-augmenting 

type/  which  will  be  assumed/  and  leave  the  d.  unchanged.  1 ££/ 

0 

To  make  (1C. 3)  useful  for  empirical  purposes/  we  must  recognize 
that  optimal  capital  stock/  K*t*/  depends  on  capital  investments  that 
may  have  important  transaction  costs/  and  that  reallocating  existing 
investments  among  countries  may  involve  significant  costs  of  adjustment 
(for  one  thing/  production  flows  will  be  disrupted  as  capital  is 
shuffled  among  countries).  i»e  therefore  operationalize  (10.1)  by 
assuming  a  so-called  "partial  adjustment"  model/  i.  e.  ,  that 

(10.4)  in  I  -  in  Klt_x  -  6  (in  K  *  -  in  K±t_1  ) 


where  the  t  subscripts  refer  to  time  periods  and  the  Kj^without 
asterisk  denotes  afiiual  output  as  opposed  to  ostifflal  *  Parameter  6 
is  interpreted  as  reflecting  the  speed  of  adjustment  of  actual  to 
optimal  levels;  with  6  s  1/  adjustment  is  instantaneous/  while 
with  £  =  C/  tnece  is  no  adjustment*  If  there  are  costs  to  adjusting 

the  allocation  of  investment  among  countries/  producers  will  not  want 
to  respond  fully  and  instantaneously  to  changes  in  returns  among 
countries/  and  6  will  be  less  than  one. 

Also/  since  capital  investment  generally  requires  time  to  be 
carried  out/  it  is  reasonable  to  suppose  that  the  prices  affecting  the 
returns  in  (lu.3)  ought  to  be  expected  prices  (i*e.  /  P  in  K*  is 
based  on  next  period  expectations  of  price  at  time  t-1).  We  specify 
price  expectations  at  the  moment  optimal  capital  stock  is  determined,  to  be 
generated  by  the  simple  model 

(10.5a)  (  P  )*  -  (  P  )e  -  X  T(  }  )  -  (  P  )e  1 

t-1  L  t-l  t-lJ 

witn  superscript  e  denoting  an  expectation/  the  subscripts  referring  to 
time  period/  and  the  rate  of  price  change/  p/  defined  as 

(10.5b)  C  P  )  -  In  P  -  in  P 

t  C  t-1  _ 


(  P  )*  -  in  P*  -  in  Pt  l 


(10.5c) 


This  is  an  '’adaptive*'  model  of  producers'  expectations  of  the  rate 
of  price  change/  p  .  When  parameter  X  takes  on.  value  0# 
expectations  of  the  rate  of  price  change  in  the  next  period  are 
unaffected  by  the  error  in  last  period's  expectation;  when  parameter 
X  takes  on  value  1/  next  period's  forecast  is  increased  or  decreased 
by  exactly  tne  error  in  last  period's  expectation*  If  ue  think  of  tne 
change  in  the  rate  of  price  increase  as  a  random  variable  having 
transitory  and  permanent  components/  then  the  optimal  forecast  of  the 
rate  of  change  will  use  a  X  close  to  zero  if  variation  in  the 
transitory  component  of  change  is  much  greater  than  variation  in  the 
permanent  component/  and  optimal  x  will  be  close  to  1  if  the 
opposite  is  true.  121/  Solving  (10.5)  for  the  expected  price  Iqyel#  we 
have  121/ 

(10.6)  In  P*  ■  (in  P  -  to  P  )  +  X  In  P  +  (1-X)  In  P* 

*  t-1  t-2  t-1  t-1 


Actual  output  in  location  i,  yi/  is  given  by 
'  (10.7)  In  -  In  ^  -  Ink  (  p  ') 

.  X 

\ 

V 

\ 

The  value  of  capitalNoutput  ratio  in  location  i,  k,  is_a  function  of 
the  victor  of  input  and  output  prices  in  location  i/  (unless  the 
technology  is  of  the  fixed  coefficient  type/  in  which  case  it  is 
constant)  121/  ^  is  the  aclual  value  of  capital  stock  in  place  in 


location  i 


Using  a  loglinear  approximation  to  K  as  our  functional  form/  we 
then  have 


(10.8)  ta  •  In  +  I  e^  la  ) 


with  the  e's  the  coefficients  in  the  approximation.  Again/  because  we 

assume  technical  progress  to  be  output-augmenting/  the  e's  will  remain 

constant  across  countries  and  over  time  /  wnile  e  will  vary  over  time 

o 

with  technological  advance.  124/ 

Titere  is  one  last  substitution  that  must  be  made  before  we  can  use 
oui  specification  on  actual  data.  The  only  input  price  whose  movements 
can  actually  be  reasonably  well  observed  over  time  and  across  countries 
is  the  wage  rate  (  P±lt /  in  country  i/  year  t).  All  other  location 
specific  prices  will  be  assumed  to  be  proportional  to  some  common  index 
which  changes  over  time  and  is  constant  across  countries  (i.e./  pnt  = 
®lj  rjt  /  for  )  /  L).  Thus/  we  assume  that  while  the  prices  of  inputs  and 
outputs  other  than  labor  cnange  over  time/  they  are  fixed  in  relative 
terms  across  countries.  This  is  not  terribly  unrealistic/  since  the 
major  inputs  other  than  labor  are  U.S.-made  components  and  material 
(whose  effective  cost  is  adjusted  using  the  U.S.tariff  rate)/  125/ 
transport  cost/  infrastructural  service  costs/  and  to  a  minor  extent/ 
foreign  material  costs.  Output  price  is  necessarily  uniform  across 
countries.  125/ 

Most  of  the  stupefying  algebra  in  our  functional  forms  is  in  the 
coefficients  to  be  estimated/  in  brackets  (in  the  last  couple  of 
footnotes)/  and  (10. If)  becomes  much  less  fearsome  when  the 
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coefficients  are  symbolized  by dtfi,  and^T: 


lLt-27  T  p4  v‘“  rlLt-l  “  *n  ,>  +  B.  In  P 


(10.11)  In  Y.  —  tn  Y  a  (in  v  .  _  . 

At  it-2  Bl(ln  Tit-1  ~  1,1  Yit_2  )  +  $2  In  Y 

e3(ln  V  ‘  tn  *.»♦-•>>  +  e,  cm  r 

*  It  *  T1  +  »1  (Jjj  -  J^t.1  )  + 

. 

*  V  ®  redefined  random  disturbance) . 


lLt-2 

02  Ji*  +  V 


it-2 

5  *  lit -2 


The  ^  s  refer  to  the  coefficients  of  lagged  combinations  of  previous 
output  levels/  and  wages/  tne  ft  #s  refer  to  country  and  time 
intercepts/  and  (since  the  J^'s  only  change  value  after  shifts  in 
perceived  country  risk)  the  ^  's  are  tne  coefficients  of  two  variables 
taxing  on  non-zero  values  when  changes  in  country  risk  occur.  However/ 
the  full  specification  given  in  (10. 1C)  is  useful  because  it  allows  us 
to  derive  restrictions  on  the  coefficients  of  (10. ll)  when  we  impose 
various  hypotheses  on  the  parameters  of  our  underlying  model. 

In  effect  the  only  influences  on  offshore  production  in  different 
countries  which  we  can  really  identify  in  (10. ll)  are  those  of  the 
local  wage  and  shifts  in  country-specific  risk;  all  other  influences 


cost  differentials/  we  expect  that  assembly  of  the  most  complex  types 


i 
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are  Incorporated  into  intercept  terms/  expressed  as  dummy  variables 
which  are  constant  across  countries  but  change  from  year  to  year/  and 
dummy  variables  which  are  constant  over  time/  but  change  across 
countries.  Fortunately/  from  the  point  of  view  of  individual  producing 
countries/  the  local  wage  is  the  variable  over  which  maximum  control  is 
exercised/  and  whose  effects  are  therefore  of  greatest  interest. 

equation  (lC.ll)  is  the  form  actually  estimated.  To  estimate  the 
parameters  of  (10.11)  more  precisely/  and  because  the  determinants  of 
o.S.  component  use  are  of  intrinsic  interest/  we  can  use  additional 
information  on  the  use  of  duty-free  J.S.  components  in  offshore 
semiconductor  assembly  that  is  avaiiabie.  Inis  is  because  (letting  vi 
be  demand  for  duty-free  U.  S.  components  to  be  used  in  assembly  in 

location  i,  year  t)/ 

(10.12)  o  -  p  (  K 

1  i  i 

with  the  value  of  'J.  S.  -components  used  per  unit  of  capital 
installed  in  location  i.  122/  Taking  a  loglinear  approximation  to  y 
we  have 


(10.13)  to  U±  -  to  T.±  +  (fQ  +  J  m  Py) 


Using  exactly  the  reasoning  described  before/  we  derive  an 

equation  exactly  like  (10.10)/  with  two  minor  modifications.  All  e's 

in  coefficients  in  (10.9)/  which  describe  the  cap ital\output  ratio/ 

must  be  replaced  by  the  f's  corresponding  to  the  component\ capital  value 

a 

share  described  in  (10.13)/  and  vi  may  be  replaced  by  a  different 
random  disturbance/  .  When  this  is  done/  we  have  a  second  relation 
(10.14)  to  0lt  -  In  Uit_2  -  (to  Ule_1  -  to  Ult_2  )  +  B2  In 


4 


+  Vtn  *1U  ’  ln  PlLt-2  )  +  04  (  to  -  to  P1Lt_2  ) 


+  ®5  Pilt-2 


A 

+  w 


+  +  ®i  +  ~ 


)  +  «,J* 

n-i  2  it 


with  all  coefficients  to  be  estimated/  except  for  those  of  country  i's 
wage  (the  6  's)  and  the  time  and  country  intercept  terms  (the  Q  *s), 
the  same  as  coefficients  in  (10.11). 

After  studying  (10.10)/  one  can  derive  additional  coefficient 
restrictions  implied  by  the  maintained  hypotheses  that: 


(1)  X  -  0,  price  change  expectations  are  static  over  time; 

(ii)  X  •  1,  price  change  expectations  are  corrected  by  last- 

period  error  In  every  time  period; 

(111)  e_  •  f  *  the  value  of  the  D.S.  component /output  ratio  Is 

PL 

Insensitive  to  changes  In  the  wage  rate. 

(iv)  e  ■  f  m  o,  the  values  of  the  D.S.  component /capital  and 

output /capital  ratios  are  Insensitive  to  changes  in  the  wage 
rate  (l.e.,  fixed  coefficients  In  U.S.  Input  and  capital  use 
characterize  the  technology). 


* 
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The  Implied  restrictions  on  the  coefficients  of  (10.11)  and  (10.14)  are  shown 
in  Chart  10.1.  _ 


Gala 


We  will  use  the  80C/307  SCD  import  data  described  in  Section  6  to 
estimate  the  parameters  of  our  model.  121/  Data  for  six 
countries  —  Mexico/  Taiwan/  Korea/  Hong  Kong/  Singapore/  and 
Philippines  —  were  used  because  consistent  and  reasonably  reliable 
series  of  wage  data  were  available  over  the  1966-1979  period.  122/ 
Country  risk  in  these  countries  was  assumed  to  be  constant  over  time/ 
except  for  tiie  1975-76  period  in  Mexico/  when  the  appearance  of 
political  instability  is  thought  by  some  to  have  sharply  increased 
investors*  perception  of  risk/  the  years  1978-79  in  Taiwan/  when  the 
rupture  of  formal  diplomatic  relations  with  the  U.S.  was  a  likely 
source  of  increased  perception  of  risk/  and  the  years  from  1972  on  in 
the  Philippines/  when  martial  law  was  imposed. 

The  assumption  of  constant  risk/  except  for  these  identified 
qualitative  shifts/  results  in  risk  'shift*  dummy  variables  that 

i 

displace  the  country-specific  intercepts/  v  and  n  .-in  these 

i  T  1  i  » 

countries.  We  assume  that  expected  0  risk  variable  in  period  t  is  dust 
the  unweighted  average  of  acutal  J  in  the  three  previous  years  '  so  that 
we  can  express  the  terms 


°1  )  +  °2 
*t  H-l  1 

(1C. and  (10.14) 


in 


l 


as  *ii  +  ^ 


525 


where  r  displaces  the  country-specif ic  intercept  in  an  equation  only 

■  ;  I 

in  the  year  when  a  ciiaaafi  in  expected  country-risk  occurs/  and 
displaces  the  country-specific  intercept  for  all  years  subsequent  to 
the  change.  2££/  In  the  form  the  equations  were  actually  estimated/  all 
intercepts  were  normalized  to  the  value  corresponding  to  Mexico/  1971/ 
and  country-specif ic  or  year-specific  intercept  terms  for  other 
countries  and  years  are  expressed  as  displacement  from  that  value.  23.1/ 

Since  all  other  country  specific  prices  other  than  the  wage  rate 
are  assumed  constant  relative  to  indices  changing  over  time  (i.e./ 
freight  and  insurance  costs/  infrastructural  services/  foreign-pr oduced 
components)/  the  country  dummies  capture  the  effects  of  cross-country 
differences  in  tnese  prices/  as  well  as  country-specific  risk. 

The  yt  and  nt  in  equations  (10.14)  and  (10.11)/  the  dummy 
variables  having  value  1  in  a  single  year/  zero  elsewhere/  capture  the 
effects  of  prices  which  are  constant  across  countries/  but  change  from 
year  to  year  (the  price  of  output/  U.S.  materials/  the  U.S.  tariff 
rate;  the  unobserved  indices  which  determine  transport  costs/ 
foreign-made  component  cost/  infrastructural  service  costs)/  as  well  as 
shifts  caused  oy  changes  in  technology/  and  annual  changes  in  the 
various  portfolio  constants  (which  are  a  function  of  wealth  available 
for  risky  investment/  the  risks  and  returns  for  all  assets/  and  the 
market  price  of  risk). 

The  value  of  output  from  U.S.  assets  invested  in  offshore 
semiconductor  assembly  was  measured  by  the  customs  value  of 
U.S.  BQ6/8C7  imports.  2£2/  The  value  of  U.S. -made  components  (mainly 
unassembled  cnips)  was  measured  by  the  duty-free  U.S.  value  declared  to 
customs  authorities  when  806/307  Imports  entered  the  U.S.  222/ 
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1U-2  *  +  ®5  *“  Piu-2  +  °t+  0 
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^  A 

decause  the  error  terms  (  Vit  and  Wit  )  might  well  display  serial 


autocorrelation  over  time  2i 14/  estimation  of  (10.15A)  or  (10.155)/ 
which  contain  lagged  values  of  the  dependent  variables/  using  ordinary 


least  squares  might  yield  inconsistent  coefficient  estimates.  Instead/ 
(10.1 5A)  and  (10.15b)  were  estimated  jointly  using  an  instrumental 
variable  procedure  (three-stage  least  squares).  2L5/  The  advantage  of 
this  method  is  that  it  produces  consistent  and  asymptotically  efficient 
estimates  of  coefficients/  using  an  estimate  of  the  variance-covariance 
matrix  of  V  ana  *  (the  errors  are  assumed  independent  over  time/  but 
not  of  each  other  at  any  moment  in  time)/  and  cross-equation 
restrictions  on  tne  values  of  coefficients/  to  produce  more  precise 


estimates  than  equivalent  single-equation  instrumental  variable 
V v  cedures. 


The  results  of  Table  10.1  confirm  the  advantages  of  a  systems 
approach  to  estimation  of  equations  (10.15A)  and  (10.15B).  The  first 
set  of  estimates  does  not  impose  any  of  the  cross-equation  restrictions 
our  theoretical  analysis  implies/  but  does  use  an  estimate  of  the 
between-equations  variance-covariance  matrix  to  produce  the  estimated 
coefficients.  Because  the  disturbances  in  the  two  equations  appear  to 
be  highly  correlated  (the  estimated  correlation  coefficient  is  .86)/ 
the  coeli icients/  wnile  having  ratner  large  approximate  standard 
errors/  are  estimated  with  substantially  greater  precision  than  is  the 
case  with  a  single-equation  two-stage  least  squares  procedure  (not 
shown/  but  wnich  produced  basically  similar  numerical  estimates/  with 
much  larger  standard  errors). 

Wnen  the  tneoretical  specification  restrictions  are  imposed/  as  is 
done  in  the  second  set  of  estimates  in  Table  10.1/  considerably  more 
precise  estimates  are  produced.  Statistically  significant  (i.e./  where 
the  null  hypotnesis  that  they  are  equal  to  zero  is  rejected)  estimates 
of  frl  i  anC*  ©*f  are  in  fact  produced. 

Tne  signs  of  political  risk  'shift'  terms  (negative  for  Mexico  and 
Taiwan/  positive  for  the  Philippines)  would  seem  to  indicate  an 
increasing  perception  of  country  risk  in  Mexico  during  1975/76  and  in 
Taiwan  after  the  break  in  formal  diplomatic  relations  with  the  U.S./ 
and  lessened  perception  of  risk  in  the  Philippines  after  the  imposition 
of  martial  law  (which  is  basically  compatible  with  tne  tenor  of 
accounts  in  the  J.S.  press  in  analyzing  these  events).  Only  in  Taiwan/ 
however/  are  these  risk  shifts  statistically  significant/  so  we  are 
less  convinced  of  the  importance  oi  these  events  in  explaining 
investment  in  Mexico  and  the  Philippines.  The  rather  low  values  of 
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,  &2»  ^5  •  ^  e5  ,  the  R ^  shift  terms,  and  the  country 

dummies  —  all  quite  close  to  zero  -  suggest  that  either  parameter 
*  or  A  equals  zero  (but  not  both).  2&&/  Since  the  SI  terms  would 
also  be  zero  if  6  was  close  to  zero,  and  they  are  not,  and  because 
the  empirical  evidence  cited  before  d££s  indicate  that  managers  dtt 
respond  to  changes  in  the  profitability  of  production  in  different 
locations,  the  results  of  Table  10.1  suggest  that  X  may  be  quite 
close  to  zero,  and  tast  long-run  expectations  of  the  rate  of  increase 
in  real  wages  are  little  affected  by  transitory  variations  from 
q>eriod-to-per iod.  2L1/ 

Also,  the  striking  similarity  of  the  values  of  the  e  ,e,  and  b  ' 

3  4  5 

values  to  and  e5  suggests  that  both  output/capital  and 

|*  -component/capital  ratios  display  an  identical  response  to 
variation  in  labor  costs  from  location  to  location  (which  includes,  as 
a  special  case,  the  possibility  that  the  U.S.  component  to  output  ratio 
is  fixed  at  any  moment  in  time).  2.S13/ 

Table  ll'. 2  displays  the  effects  of  imposing  restrictions  on  price 
rate  expectation  adjustment  parameter  X  •  The  first  set  of 

estimates  imposes  restrictions  implied  by  X  r  0/  the  second  set  of 

i 

estimates  is  produced  assuming  *  =  1.  While  the  data  do  not  permit  us 
to  reject  either  set  of  restrictions,  the  estimates  relying  on  the 
\  ~  0  hypotheses  are  essentially  identical  to  the  estimates  of 

Table  10.1  made  witnout  these  restrictions.  The  same  is  Dfll  true  for 
the  X  =  1  estimates,  suggesting  that  we  may  wish  to  impose  the 
.=  C  restriction,  as  consistent  with  our  results,  to  produce  aore 


X 


is>e  coefticient  estimates 
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A  statistically  significant  estimate  of  a  of  *45  is  implied  by 

the  estimate  of  «  /in  the  first  part  of  Table  10.2.  This  suggests 

1  r  vT 

moderately  rapid  adjustment  of  actual  to  desired  capital  stock/  with  45 

percent  of  tne  adjustment  made  in  the  year  a  shift  in  desired  capital 

stock  occurs/  70  percent  of  the  adjustment  made  after  one  year  has 

passed,  84  percent  after  two  years/  93  percent  after  three  years/  97 

percent  after  four  years.  209/ 

Vitn  one  exception,  none  of  the  political  changes  thought  to  be  of 
possible  importance  in  determining  country  risk  is  statistically 
significant  in  Table  1C.2.  The  exception,  as  before,  is  Taiwan.  Kith 
\  -  0  assumed,  we  cannot  reject,  for  any  of  the  three  countries, 

the  hypothesis  that  those  changes  had  Q2  effect  on  country  risk.  But 
the  estimated  effect  was  reasonably  large  in  the  cases  of  Mexico  and 
Taiwan,  dropping  optimal  investment  by  close  to  one~half  its  previous 
value,  c^t^ris-paribu?  (to  calculate  the  effect  on  the  log  of  optimal 
capital  stoc<,  must  be  multiplied  by  1\  6  (1  -  x  );  for  6  = 

•45,  x  —  C ,  this  means  ought  to  be  multipled  by  about  2.2).  While 
there  seems  to  be  no  good  reason  not  to  drop  the  Philippine  risk  shift 
intercept  from  the  regression,  since  it  is  statistically  insignificant 
and  close  to  zero,  the  potential  for  committing  a  specification  error 

argues  against  doing  the  same  for  Mexico  and  Taiwan,  with  their  large 

\ 

effects  on  investment.  The  risk  dummies  were  therefore  not  dropped  in 

further  regressions.  - 

%  Ire  coefficients  &3  and  %  and  *4  /  and  and  *5 

continue  to  have  remarkably  similar  values,  no  matter  which 
assumption  about  xt  is  used.  Again,  this  suggests  that  U.S. -made 

f 

components  are  used  in  fixed  proportion  to  output  (i.e.,  that  the  chip 
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Estimation  with 

Additional  Restriction  on  Adaptive  Expectations 

W 

Parameter  X 

With  Theoretical  and 

With  Theoretical  and 

X 
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(l.e.  (0)  and  (11) 

on  Chart 

10.1) 

r 

(10.15A) 

(10. 15B) 

(10.15A) 

(10.15B) 

Coefficient : 

61 

1.55 

(.17)** 

same 

.86  (.21)** 

same 

m 

*2 

0 

tame 

-.14  (.21) 

same 

B3/e3 

.66 

(.61) 

.95  (.71) 

.70  (.47) 

.80 

(.52) 

e4/e4 

-2.1 

(.98)  ** 

-2.3  (1.2)** 

-1.7  (.71)** 

-1.8 

(.76)** 

■ 

b5/o5 

0 

■an* 

.052  (.36) 

.051 

(.38) 

| 

Mexico,  R2 

0 

sane 

-.54  (.38) 

same 

Mexico,  R^ 

-.29 

(.62) 

tame 

0 

same 

Philippines 

0 

same 

.28  (.46) 

same 

*2 

Philippines 

-.067 

(.62) 

same 

0 

same 

*1 

Taiwan,  R2 

-.31 

(.24) 

same 

-.40  (.21)* 

same 

Intercept 

.11 

(.15) 

-.10  (.18) 

.72  (1.6) 

.50 

(1.6) 

(Mexico,  1971) 

Taiwan, 

[111  Vni 

0 

same 

.041  (.29) 

-.026 

(-40) 

' — -  Korea , 

0 

same 

.084  (.16) 

.062 

(.18) 

*1'°! 

Hong  Kong, 

0 

same 

-.072  (.18) 

-.13 

(.26) 

Vai 

H 

Singapore, 

0 

same 

.16  (.12) 

.14 

(.15) 

.. 

V°i 

Philippines 

0 

same 

.11  (.25) 

.10 

(.26) 

«l'fii 

• 

1972,  6t/t)t 

.23 

.53  (.23) 

.24  (.14) 

.39 

(.15)** 

1973,  «t/nt 

.11 

(.20) 

.16  (.24) 

.31  (.19) 

.29 

(.19) 

1974,  «t/nt 

.042 

(.21) 

.33  (.25) 

.32  (.25) 

.44 

(.23)* 

1975,  «t/nt 

-.30 

(.20) 

.026  (.23) 

-.098  (.31) 

.11 

(.28) 

• 

1976,  «t/n£ 

.37 

(.19)** 

.47  (.22) 

.27  (.36) 

.34 

(.34) 

1977,  «t/nt 

-.11 

(.19) 

.34  (.22) 

.14  (.43) 

.47 

(.41) 

1978,  «t/nt 

.0092 (.20) 

.16  (.23) 

.20  (.46) 

.41 

(.46) 

1979,  «t/nt 

.21 

(.20) 

.38  (.24) 

.40  (.48) 

.56 

(.49) 

’  • 

^2 

.0882 

.126 

.0467 

.0616 

1 

^12 

.0947 

.0483 

*12 

.90 

.90 

F-test  for  all  specification 

reatr  let  Ions: 

F-test  for  all  specification  restrictions: 

’  • 

F  (22,52)  ■ 

.238 

F  (11,52)-  .284 

Cannot 

reject  at  901  or 

95X  Confidence 

Cannot  reject  at  901  or  951  Confidence 

. 
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to  assembled  semiconductor  ratio  is  fixed  irregardless  of  the  cost  of 
labor  in  different  locations)  at  any  moment  in  time/  which  seems 
totally  reasonable. 

This  hypothesis  is  imposed  in  the  estimates  of  the  first  column  of 
Table  10.3.  Ihe  estimates  are  very  similar  to  those  of  Table  10.1  and 
suggest  that  the  hypothesis  seems  to  describe  changes  in  observed 
output  and  U.S.  dutyfree  content  reasonably  well. 

The  results  in  the  first  column  of  Table  10.3  do  not  yield 
statistically  significant  estimates  for  or  •  Since 

^  and  are  an  estimates  of  the  labor  price  elasticity  of  the 

output\capital  and  dutyfree  U.S.  content/capital  ratios/  this  might 
indicate  tnat  tney  are  zero/  and  tnus/  that  these  ratios  are  completely 
insensitive  to  the  wage  in  location  i. 

Alternatively/  if  the  positive  estimate  of  (5^  is  taken  at  face 
value  (and  its  large  standard  error  blamed  on  multicollinearity  in  the 
data)/  it  would  seem  to  imply  that  the  existing  capital  stock  is  used 
more  intensively  as  the  wage  rises  (and  thus  outputVcapital  rises)/  and 
that  dutiable  components  and  materials  are  substituted  for  assembly 
labor.  212/  This  last  interpretation  may  have  some  merit  if  less  labor 
can  be  used  with  more  wastage  of  materials.  Still/  the  most 
parsimonious  explanation  is  that  tnese  ratios/  at  any  moment  in  time/ 
are  relatively  insensitive  t0  wage  rates  (i.e./  -  0).  211/  This  is 

borne  out  by  the  results  in  the  second  column  of  Table  10.3/  which  show 
that  imposing  this  last  constraint  has  no  large  effect  on  the  values  of 
the  otner  coefficients/  and  cannot  be  rejected  statistically. 


r 


s 


Table  10.3 


Estimation  Under  Hypothesis  of  Fixed  u/y  Ratio 


Along  with  Along  with  Theoretical 

Theoretical  Beetrietlone  and  u/k. 

Coefficient:  Beatrietlona  y/k  Fixed 


(10. 15  A) 

(10.15B) 

(10. 15  A) 

(10.15B) 

*1 

1.38  (.50)** 

MM 

1.50  (.55)** 

*2 

.099 

(.27) 

•*- 

.18  (.30) 

a— 

*3 

.56 

(.47) 

■*■* 

-0- 

V94 

-2.04 

(.77)** 

•a- 

-1.57  (.77)** 

•— 

e5/e5 

.036 

(.37) 

•an. 

-.056  (.44) 

®ana 

Mexico,  Bj 

-.15 

(.55) 

eana 

-.14  (.64) 

•— 

Mexico,  kj 

-.35 

(.56) 

-.52  (.65) 

•an. 

Pblllpplnea,  Bj 

.022 

(.61) 

•a- 

.17  (.70) 

•— 

Philippines,  K^ 

1.21 

(1.40) 

ease 

1.19  (1.67) 

eane 

Taiwan,  +  R^ 

-.47 

(.22)** 

eane 

-.50  (.26)* 

eane 

Intercept  (Mexico, 
1971) 

-.59 

(2.1) 

-.77  (2.0) 

-.69  (2.4) 

-.85 

(2.4) 

Taiwan,  /Q^ 

.34 

(.38) 

.41  (.52) 

.46  (.42) 

.58 

(.57) 

Korea,  fa± 

.15 

(.16) 

.15  (.17) 

.21  (.18) 

.21 

(.20) 

Hong  Kong  d^/Q^ 

.093 

(.22) 

.14  (.32) 

.15  (.24) 

.23 

(.35) 

Singapore,  8j/0^ 

.12 

(.13) 

.16  (.16) 

.11  (.15) 

.17 

(.19) 

Philippines,  8^/0 

i  -61 

(.66) 

.62  (.63) 

.54  (.79) 

.56 

(.78) 

1972,  «t  /n£ 

.20 

(.14) 

.46  (.17) 

**  .20  (.17) 

.48 

(.20)** 

1973,  «t  /nt 

.12 

(.25) 

.18  (.21) 

.14  (.28) 

.22 

(.24) 

1974,  «  /  Qt 

.054 

(.34) 

.32  (.25) 

.061  (.39) 

.37 

(.29) 

1975,  «t/  nt 

-.40 

(.40) 

-.082  (.33) 

-.45  (.47) 

-.095 

(.38) 

1976,  8,  /0 

1  t 

.10 

C.41) 

.23  (.37) 

.099  (.48) 

.25 

(.44) 

1977,  «t  /0t 

-.22 

(.57) 

.23  (.49) 

-.25  (.66) 

.23 

(.37) 

1978,  at  /ot 

-.14 

(.59) 

.066  (.58) 

-.14  (.68) 

.076 

(.67) 

1979,  8  /nt 

.036 

C61) 

.22  (.60) 

.42  (.72) 

.23 

(.71) 

0* 

.0738 

.0969 

.0892 

.1151 

*12 

.0759 

.0915 

*12 

.90 

.90 

F  -  teete  for  reatrietiona  on  coefflclante: 

F  (10,52)  -  .158  r  (11,52)  -  .205 

Cannot  be  rejected  at  90S  or  95X  confidence  levele. 
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Table  1C. 4  maintains  the  hypothesis  that  the  U.S.  chip  to 
assembled  SCO  ratio  is  constant  across  countries  in  any  year*  and  also 
imposes  the  constraints  implied  by  adaptation  parameter  taking  on 
|  its  extremal  values/  0  and  1.  The  results  are  virtually  identical  to 
those  of  Table  10.2.  As  before/  the  v  =  0  specification  differs 
little  from  the  unrestricted  estimates  of  Table  10.1/  and  we  conclude 
that  a  fixed  U.S.  component/output  ratio  and  \  close  to  zero 
(relatively  fixed  forecasts  of  long-run  real  wage  changes)  are 
consistent  with  the  available  data. 

CflUClUSlfiDS 

Our  analysis  of  the  very  simplest  model  of  offshore  investment 

# 

decisions  in  the  presence  of  country-specific  risk  has/  when  applied  to 
U.S.  offshore  import  data  on  semiconductors/  yielded  some  interesting 
information  on  producer  behavior.  The  econometric  estimates  imply  that 
producers  adjust  investment  portfolios  rather  rapidly  in  response  to 
changes  in  production  costs/  with  almost  half  of  the  adjustment  made 
immediately/  7C  percent  after  1  year  has  elapsed/  and  over  90  percent 
by  the  end  of  the  fourth  year. 

The  estimated  model  coefficients  also  seem  to  indicate  that 
U.S. -duty  free  coraponent/output  ratios  are  fixed.  Since  the 
preponderant  ingredient  of  U.S. -duty  free  components  value  is 
unassembled  semiconductor  chip/  this  merely  confirms  that  the  chip 
content  of  an  assembled  semiconductor  is  effectively  unaffected  by  the 
wage  rate  chaged  to  the  producer.  The  data  also  indicate  that/  while 
tnere  may  be  some  moderate  degree  of  substitution  possible  between 
other  material  inputs  and  labor/  it  is  very  likely  that  these  ratios 


■ 


I 


I 


i 


» 


Coefficient i 


fable  10.4 

lot  last  ion  Obder  Bypotbeeea  of  Fixed  i/j  Batlo,  theoretical 
Beet  r  let  lone,  and  Best  rlet  lone  aa  Hap  tat  ion  Paranater 


<10. lie)  (10.15b)  (10.15b)  (10.15k) 


H 

1.55  (.17)** 

ame 

.09 

(.21)** 

ease 

H 

earn 

-.24 

(.21) 

•m* 

VS 

.05  (.90) 

aam 

.99 

(.47) 

a*-* 

V% 

-2.10  (.99)** 

aam 

-1.71 

(.71)** 

— 

V*5 

-O- 

*— 

.052 

(.59) 

earn 

Itexlce,  Bj 

-0- 

aam 

-.54 

(.59) 

earn 

Mexico,  Bj 

-.29  (.92) 

— 

-0- 

— 

Philippines,  Ij 

-©- 

mm 

.29 

(.49) 

mm 

Phlllpplaea,  B^ 

-.096 

(.92) 

*— 

-0- 

earn 

Taiwan,  lj  +  ^ 

-.51 

(.24) 

•ana 

-.40 

(.21)* 

earn 

t 

Intercept  (Mexico, 
1971) 

.11 

(.15) 

-.097  (.19) 

.75  (1.59) 

.51 

(1.57) 

Taiwan, 

-®- 

eaaa 

.04 

(.29) 

-.019 

(.40) 

Korea,  4*  /  Bi 

-O- 

■*■• 

.004 

(.19) 

.017 

(.17) 

■on*  long,  Ij/  04 

-0- 

ama 

-.075 

(.19) 

-.13 

(.25) 

Singapore,  Ij  /Ot 

-0- 

asm 

.19 

(.12) 

.15 

(.15) 

Phlllpplaea,  **/■* 

-o- 

aana 

.11 

(.25) 

.095 

(.29) 

1972,  9t/ 

.25 

(.19) 

.55  (.25)**  .24 

(.14)* 

.59 

(.15)** 

1975.  «t/  0t 

.U 

(.20) 

.17  (.24) 

.51 

(.19) 

.50 

(.19) 

»•».  «t/  °t 

.045 

(.21) 

.55  (.24) 

.55 

(.25) 

.45 

(.22)** 

1973,  «t  /0t 

-.50 

(.20) 

.021  (.25) 

-.096 

(.51) 

.12 

(.27) 

197*.  «t  /fit 

.57 

(.19)** 

.47  (.22)**  .27 

(.59) 

.55 

(.55) 

'  1977,  /0t 

-.11 

(.19) 

.54  (.22) 

.14 

(.45) 

.47 

(.59) 

x  1979.  9^ 

.on 

(.20) 

.17  (.25) 

.20 

(.49) 

.42 

(.45) 

v  1979,  1,  /0t 

.21 

(.20) 

.59  (.25) 

.41 

(.49) 

.57 

(.47) 

.0992 

.1299 

.0496 

.0916 

•u 

.0949 

.0492 

*•12 

> 

.90 

.90 

P  •  taste  for  rest r let  Iona  an  aaefflclantai 

P  (24,52)  •  4U 

P  (15,52)  •  .249 

Cannot  be  rejects* 
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are  fixed  without  regard  to  the  wage  rate  in  assembly^. 

'  '  .-T. 

Producers'  wage  rate  expectations/  on  the  ohter  hand  seen  to  have 
reacted  quite  sluggishly  to  year-to-year  variation  in  the  real  wage* 

Our  estimates  suggest  that  changes  in  the  year  1978  were  associated 
with  substantially  less  investment  in  Taiwan  in  the  following  years;  we 
have  identified  this  shift  with  the  end  of  formal  diplomatic  ties  to 
the  U.S. 

Estimated  coefficient  (as  well  as  if  the  duty-free 
components  to  output  ratio  is  oal  fixed  as  *1,  varies)  contains 
information  which  permits  us  to  estimate  in  (1C. 3)/  the  partial 

pL 

equilibrium  elasticity  of  optimal  capital  invested  in  location  i  with 
respect  to  the  wage  in  location  i.  It  is  a  partial  equilibrium 
estimate  of  the  wage  elasticity  of  investment  because  the  various 
portfolio  constants  incorporated  into  our  time  and  country  intercepts 
will  also  be  altered  as  the  rate  of  return  in  location  i  is  changed. 

If  investment  in  location  i  is  very  small  relative  to  the  size  of  the 
entire  market  portfolio  of  risky  assets/  however/  these  effects  on 
constants  common  to  the  entire  portfolio  will  be  very  small/  and 
therefore  can  be  Ignored  if  we  are  concerned  with  the  first-order 
impacts  of  a  marginal  wage  change  on  investment  in  one  of  many 
production  locations. 

To  get  a  consistent  estimate  of  the  wage  elasticity  of  capital 
invested  in  semiconductor  assembly/  dpi/  note  that  adding  the  product 
of  our  estimates  of  83  and  to  £4  leaves  a  point  estimate  of 

4  (1  ♦  x  )dpL»  Using  the  estimates  of  Tables  10.2  or  10.3/  (and 

*  *  C/  B  =  .45)/  a  wage  elasticity  of  investment  of  about  -1.7  is 
calculated.  Capital  investment  in  location  i  is  moderately  (but  not 


extremely)  elastic  with  respect  to  the  local  wage.  •  V 

y  . 

On  the  other  handy  if  uncertainty  and  country  risk  were  not  a 
factor  .in  producers'  offshore  location  decisions/  this  elasticity  would 
be  infinite  (since  only  the  lowest  cost  location  would  receive  any 
investment).  The  moderate  elasticity  estimated/  then/  supports  a  model 
of  location  with  the  presence  of  diversif iable  country  risx  as  an 
important  ingredient. 

Our  analysis  also  indicated  that  the  share  of  location  i  in  all 
assets  invested  in  semiconductor  production  was  fairly  (but  not 
extraordinarily)  sensitive  to  changes  in  wage  rates/  with  an  elasticity 
perhaps  on  the  order  of  -2.  This  would  imply  that  fairly  large  changes 
in  investment  and  production  might  be  expected  from  changes  in  tax  or 
wage  policies  that  alter  the  return  to  investment  in  a  particular 
location. 

Next/  we  turn  to  a  brief  consideration  of  the  implications  of  the 
sensitivity  of  optimal  output  and  investment  to  changes  in  returns/  and 
the  rapid  adjustment  of  actual  to  optimal  levels/  for  nome  and  host 
country  policy. 


Technical  Appendix  to  Section  10 


General  Framework 

To  examine  the  geographical  sourcing  of  production  within  an  industry, 
we  shall  assume  production  managers  make  decisions  taking  their  objectives 
to  be  to  maximize  the  value  of  their  company's  stock.  Since  any  change  in 
the  characteristics  of  a  firm's  assets  that  improves  the  potential  expected 
utility  of  investors  holding  that  stock  ought  to  increase  the  market  value  of 
the  stock,  we  shall  assume  that  managers  therefore  act  to  maximize  the 
expected  utility  of  investors. 

We  shall  also  assume  that  the  utility  function  contains  total  return  from 
all  assets  held  by  a  "representative  investor"  as  its  only  argument,  and  that 
it  is  concave  ti.e. ,  investors  are  risk  averse).  The  returns  on  all  assets 
will  be  assumed  to  have  a  joint  normal  distribution. 

The  concavity  of  the  utility  function,  the  normal  distribution  of  returns, 
and  the  maximization  of  expected  utility  all  imply  that  expected  utility 
maximization  will  result  in  mean-variance  (Markowitz)  efficient  portfolios,  as 
Tobin  first  pointed  out.  A/  That  is,  for  any  given  average  return,  that  dis¬ 
tribution  of  total  wealth  among  assets  which  minimizes  the  variance  of  return 
around  its  average  will  be  preferred.  This  permits  us  to  consider  only  mean- 
variance  efficient  portfolios  of  assets  when  considering  how  investors'  utility 
can  be  maximized. 

We  shall  also  assume  a  riskless  return,  paying  rQ  ,  is  available  to 
investors  (.for  example,  government  bonds).  Under  these  conditions,  it  can 
then  be  shown  that  all  investors  will  allocate  their  wealth  between  a  fixed 
efficient  portfolio  of  risky  assets  (with  the  allocation  among  the  risky 


assets  determined  only  by  the  characteristics  of  the  assets) ,  and  the  riskless 
asset  (with  the  allocation  between  the  fixed  efficient  market  portfolio  of 
ri  ky  assets  and  the  riskless  asset  determined  by  the  Investor's  wealth  and 
preferences).  Thus,  we  can  make  use  of  this  "separation"  property,  that  the 
optimal  allocation  of  riskily  Invested  wealth  among  risky  assets  is  independent 
of  Investor  preferences  and  wealth.  The  market  portfolio  of  risky  assets  will 
reflect  these  optimal  choices  among  the  risky  assets. 

It  can  then  be  shown  that  the  optimal  portfolio  of  risky  assets  satisfies 
the  relation  U 

(10.A.1)  E  (  tl )  -  ro  -  (  E  (  ra  >  '  r°  1  foI  .n  i 

2 


with  the  retjrn  on  each  of  1  risky  assets,  rB  the  return  on  the  optimal 

2 

efficient  portfolio  of  risky  assets  as  a  whole,  cm  the  variance  of  the 
return  on  a  dollar  Invested  in  this  market  portfolio,  E  the  expectation 
operator,  and  the  covariance  of  the  return  on  risky  asset  i  with  the 

optimal  market  portfolio  of  risky  assets. 

Investment  in  Production  Locations 

The  Investment  required  for  the  production  of  a  given  product  in  a  specific 
location  will  be  though  as  a  particular  type  of  asset,  with  risk  and  return 
characteristics  specific  to  the  product  and  its  production  location.  Firms, 
by  making  decisions  to  place  capital  into  specific  lines  of  business  and 
production  locations,  construct  portfolios  of  assets,  which  are  purchased  by 
.  ’.cc Ur.r .  if  there  are  at  least  as  ,many  different  firms  as  there  are 


types  of  assets,  an  Investor  can  construct  any  portfolio  of  assets  by 
judiciously  purchasing  stock  In  different  firms. 

If,  in  the  aggregate,  firms  are  guided  toward  constructing  the  efficient 
optimal  market  portfolio  of  risky  assets  through  their  attention  to  stock 
market  prices,  the  aggregate  market  portfolio  of  risky  assets  will  satisfy 
relation  (10.A.1).  Note,  however,  that  since  firms  essentially  form  arbitrary 
combinations  of  Investments  (since  firms  only  serve  to  translate  a  financial 
Investment  Into  claims  on  real  capital  assets  in  this  simple  model) ,  the 
portfolio  of  any  single  firm  is  Indeterminate.  In  the  aggregate,  though, 
stock  market  prices  will  guide  marginal  firm  Investments  so  as  to  construct 
the  efficient  market  portfolio  satisfying  (10.A.1).  (In  much  the  same  way.  In 
competitive  Industry  with  constant  returns  to  scale,  while  the  size  of  any  single 
firm  Is  indeterminate,  the  size  of  the  Industry  is  not.) 

Suppose  we  Invest  assets  with  value  in  the  production  of  semiconductors 

in  location  1.  Such  an  Investment  yields  an  average  return  (and  since  we  will 
also  assume  constant  returns,  a  marginal  return)  of 


(10.A.2) 


v  (P^) 


with  r i  the  return  on  a  dollar  of  semiconductor  capital  Invested  in  location  1 
ir  the  so-called  unit-  '’variable"  profit  function,  giving  the  maxlnnnn  value  of 
output  less  variable  costs  per  dollar  of  capital,  as  a  function  of  vector  P^  *  , 
containing  output  and  input  prices  as  its  elements.  The  function  it  has  certain 


useful  properties,  notably  that  q^*  (profit  maximizing  output  per  dollar  of 


capital. in  location  1)  is  equal  to  -x?? —  (Pn  output  price),  and  profit 

•  *Q  Q 


maximizing  use  of  input  j  per  dollar  of  capital  in  location  1  is  given  by 


9  ir 

* 


with  Pjj  the  price  of  input  j  in  location  i. 


(If  we  take  into  account  maintenance  and  replacement  costs  for  capital, 
which  will  be  assumed  proportional  to  the  value  of  capital,  we  would  merely 
subtract  a  fixed  constant  from  it  defined  gross  of  capital  maintenance  costs; 
therefore  we  define  ir  in  10.A.2  as  net  of  maintenance  and  replacement  costs 
for  capital.  Note  also  that  we  are  assuming  that  the  price  of  capital  goods 
is  constant  across  locations,  since  the  form  of  function  ir  is  not  location- 
specific.) 

Return  will  be  assumed  to  reflect  a  random  disturbance  e^,  related 
to  uncertainty  about  the  costs  of  production,  even  when  input  and  output  prices 
and  known  with  certainty.  Wars,  strikes,  confiscation  or  expropriation  of 
property,  revolutions,  hyperinflations,  political  turmoil  and  other  country- 
specific  risks  are  embodied  in  disturbance  c^. 

Thus,  taking  into  account  the  location-specific  risk  of  producing  in 
location  1,  we  have 


(10. A. 3)  ri  •  if  (P^)  +  • 


By  definition, 

(10? A. 4)  E  (e^  e  “  °ij  811  i>  3  <°ii  -  > 

V  E  (ej)  -  Ma  for  each  i. 

\ 

Note  that,  without  loss  of  generality,  refers  to  the  uncertainty  in 
return  of  any  other  asset,  not  just  those  Invested  in  semiconductor  production. 


The  Optimal  Portfolio 


Let  us  assume  that  there  are  a  total  of  N  different  assets,  con¬ 
taining  as  a  subset  Investments  In  semiconductor  production  ~ in  various 
locations.  The  average  return  to  SCD  investment  in  location  1  ,  E  (*j) , 
la  Just  defined  by 

(10. A. 5)  e  (itj)  -  tr  (  ?1^)  + 


We  shall  assume  that  the  disturbance  to  return  on  semiconductor 
production  in  location  1  can  be  expressed  as  the  sum  of  the  effects  of 
underlying  factors  common  to  returns  on  other  assets,  and  a  unique  (mean  aero) 
country-specific  disturbance  6^  that  is  Independent  of  all  disturbances 
affecting  the  return  on  all  other  assets.  That  is, 


(10. A. 6)  Cl4  *£  +  + 

with  the  L  (mean  aero)  Indices  of  factors  affecting  other  aBBets 
related  to  disturbance  through  fixed  location-specific  constants,  the 

Clf 

Then, 


(10.  A.  7) 


L  L  N 


E  ( ei  6J  > 

-  *  *  I  Cu  C  E  (  1  I  ) 

1*1  m-1  j-1  1 

for  1  4  J 

L  L 

2 

E  (  c±2  )  « 

r  i  cu  b  (  i  i. )  + 

1-1  m-1 

1 

(with  o* 

°1 

-  E  (  )  ). 
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If  ve  then  return  to  relation  (10. A. 1),  we  can  rewrite  it  aa 


C10.A.8) 


*4  - 


-  E  <  )  -  t0 


JH'1 


with  V±  and  the  proportion  of  riskily  Invested  wealth  invested 
In  assets  1  and  j  ,  respectively,  in  the  aarlcet  portfolio.  Using 
relation  CIO. A. 7)  we  then  have 


(10.A.9) 


- 


e  <o  -  r«r  i*  l  n 

— r  — U-i  h  w* c"  Wt  * v  + 


v 


l 


» 


which  can  be  rewritten  as 


(10.A.10) 


2 

7i  % 


A 


1 


with 


0 


"the  market  price  of  risk"  ; 


and 


L 

I 

mrl 


X  VJ  CJ-  E<  **  V- 


constants  do  not 
depend  on  the  exact 
asset  1  we  are 
examining  at  any 
moment  in  time. 


Then,  noting  that  total  value  of  assets  Invested  in  location  i  t  K  is 
equal  to  W  ,  with  W  the  total  value  of  wealth  Invested  riskily,  we 

have 


(10.  A.  11) 

2 

(with 


representing  the  unique  and  Independent 


country-specific  component  of  the  variance  of  return  in  semiconductor 

production  in  location  1) 

which  is  just  (10.1)  in  the  text. 
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TECHNICAL  APPENDIX  TO  SECTION  10 
FOOTNOTES 


rc< 


1.  See  Tobin  (1959),  pp.  74-75.  Ross  (1978)  provides  more  general 
necessary  and  sufficient  conditions  on  the  distribution  of  returns 
that  allow  us  only  to  consider  mean-variance  efficient  portfolios. 

Alternatively,  restrictions  on  the  utility  function  can  yield 
similar  results.  See  Cass  and  Stiglitc  (1970). 

2.  This  model  is  known  as  the  Capital  Asset  Pricing  Model  (CAPM). 

See  Fama  and  Miller  (1972)  for  a  more  detailed  exposition. 


11.  .- .  ■ 

-il£k£l£2£lJ_afld..2£k£lfl£infl_Cfl  UQllifiS 

•  *  * 

< 

The  framework  for  understanding  offshore  production  decisions 

r  *  • 

outlined  in  the  last  section/  and  applied  to  data  for  U.S.  806/697 
semiconductor  imports/  raises  important  questions. 

SftB£jLb££££li£2l-££B&i£££2li£n£ 

At  the  purely  theoretical  level/  it  is  clear  that  diversification 
of  country-specif ic  risk  by  producers/  when  choosing  production 
locations/  will  have  profoundly  different  effects  on  the  industrialized 
economy  exporting  components/  and  on  the  developing  economy  assembling 
them/  than  a  decision  to  produce  in  the  lowest  average  cost  location. 
Instead  of  being  a  binary  choice  between  onshore  and  offshore/  country 
1  or  country  2/  production  at  home  and  abroad  will  respond  in  a  smooth 
and  continuous  fashion  to  changes  in  input  prices  in  different 
locations.  212/ 

For  the  industrialized  economy/  any  measure  raising  returns  to 
production  overseas  no  longer  is  guaranteed  to  increase  the  total  value 
of  production  entering  the  market  from  offshore.  First/  although  it  is 
not  a  particularly  probable  outcome/  it  is  theoretically  possible  for 
tne  supply  of  resources  to  be  invested  offsnore  to  be 
"Dackward-bending"  with  respect  to  the  return  available  offshore/  if/ 
as  the  average  return  on  investable  resources  increases/  the  effect  of 
increased  income  is  to  make  an  investor  less  willing  to  bear  risk 
(i.e./  an  investor's  preferences  are  such  that  his  aversion  to  risk 


Second/  even  if  the  amount  of  resources  invested  offshore  were  to 
increase  with  return  offshore/  if  the  source  of  the  increased  return 
was  accompanied  by  a  shift  in  relative  factor  prices  offshore/  it  is 
possible  that  substitution  of  capital  for  other  factors  of  production 
could  have  tne  perverse  effect  of  lowering  the  output  produced  with  the 
increased  stock  of  capital  located  overseas.  For  example/  suppose  a 
drop  in  wage  rates  offshore  were  the  source  of  the  increased  return 
overseas.  It  is  not  impossible  to  imagine  that/  if  capital  and  labor 
were  complements  (and  the  empirical  work  of  the  last  section  supported 
this  as  a  possibility)/  substitution  of  capital  and  labor  for  material 
inputs  could  actually  raise  the  capital/output  ratio  sufficiently  as  to 
cause  a  net  drop  in  output/  even  as  offshore  investment  was  increasing. 

These  examples  of  perverse  effects  are  probably  unlikely/  but 
nevertheless  possible.  If  we  were  to  assume  the  most  likely  case  — • 
that  resources  invested  and  output  produced  offshore  increase  with 
offshore  return  —  then  the  supply  of  capital  to  be  invested  in  the 
offsnore  location  by  home  country  producers  will  slope  upwards  with  the 

e 

rate  of  return  in  that  location. 

As  is  well-known/  212/  an  upward  sloping  supply  of  foreign  capital 
% 

means'  that  an  optimal  host-country  policy  toward  foreign  investment 

will  Xax  the  returns  on  foreign  capital/  with  a  tax  rate  dependent  on 
\ 

the  elasticity  of  foreign  capital  supply.  However/  as  a  careful 
% 

reading  of  the  last  section  will  confirm/  this  elasticity  of  supply 
will/*  in  general/  depend  on  a  great  many  factors/  including  all  the 
determinants  of  the  market  portfolio  of  assets/  and  the  technology  of 
tne  particular  product  being  produced  offshore.  In  particular/  every 
product  will  have  a  potentially  different  optimal  tax  rate  on  foreign 
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investments  in  its  manufacture. 


p  ■:  V- 

>  T. 


For  many  countries  and  products/  an  optimal  tax  policy  would  then 

IT.. '  ,  * 

*  '**.  * 

require  intersectoral  tax  rate  discrimination/  based  on  the 

7 .  ■* 

character istics  of  the  product  being  produced  and  tne  nationality  of 
the  producer.  Furthermore/  taxes  would  have  to  be  continuously 
adjusted  as  time  passed/  technology  changed/  and  other  determinants  of 
the  market  portfolio  of  investments  evolved. 

If  such  adjustments  are  possible/  it  is  easily  shown  that  an 
optimal  host  country  policy  would  tax  foreign  investments  at  rate  t 


given  by 
(11.1)  t  -  1  - 


1  +  n. 


*  nkr  the  elasticity  of  capital  supply  with 


respect  to  the  net  rate  of  return.  Foreign  firms  would  pay  a  wage 
equal  to  the  marginal  social  opportunity  cost  of  withdrawing  a  worker 
from  the  domestic  economy.  214/ 

Such  constant  change  and  variability  in  tax  rates  might/  in  fact/ 
increase  country  risk.  Taxes/  after  all/  are  a  mechanism  for  the 
social  expropriation  of  output/  and  frequent  or  discriminatory  change 
increases  the  threat  of  expropriation  as  a  business  risk.  The  essence 
of  a  'stable'  investment  climate  is  a  guarantee  that  taxes  on  profits 
will  be  fixed  at  some  known  and  stable  level. 

Also/  for  a  variety  of  institutional  reasons/  it  is  generally  very 
difficult  to  tax  the  manufacture  of  different  products  at  different 
rates.  215/  Even  if  it  were  possible  to  do  so,  a  great  deal  of  risk 
would  then  be  created  for  the  investor/  since/  as  the  product  mix 
produced  inevitably  evolved  and  changed/  a  revision  of  the  industrial 
classification  of  output  by  the  tax  authorities  woi  j  be  necessary. 
Finally/  since  the  elasticity  of  capital  supply  with  respect  to  the 
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rate  of  return  to  production  in  country  1  is  an  empirical  magnitude 
that  must  be  determined  by  authorities/  it  may  be  impossible  to 
estimate  with  any  precision  without  observing  the  operations  of  foreign 
manufacturers  already  in  place/  which  generally  will  not  exist  until 
guarantees  of  a  fixed  tax  rate  and  other  rules  of  investment  are  made. 

Thus/  because  information  on  the  elasticity  of  the  supply  of 
capital  with  respect  to  return  is  only  available  through  direct 
observation/  because  foreign  capital  generally  required  guarantees  of 
fixed  tax  rates  as  a  precondition  for  investment/  because  continuous 
adjustment  of  tax  rates  would  create  a  perception  of  instability  in  the 
business  'climate*  for  foreign  investment/  and  because  it  is 
institutionally  impractical  to  create  and  administer  a  structure  of 
product-specific  tax  rates  on  foreign  investment/  the  implementors  of  a 
tax  on  foreign  investment  earnings  probably  must  content  tnemselves 
with  setting  a  fixed  tax  rate  on  profits  for  all  manufacturing  with 
(perhaps)  occasional  marginal  rate  adjustments  taking  place  over  time* 
To  some  extent/  investor-specific  variation  in  effective  tax  rates  can 
be  achieved  through  the  granting  of  tax  concessions  to  individual 
projects/  but  such  individual  concessions  create  costs  for  the  entire 
system  by  creating  potential  for  abuse  and  corruption. 

In  practice/  then/  an  optimal  tax  policy  can  probably  only  be 
approximated  when  a  single  tax  rate  structure  for  foreign  investment  is 

designed  and  administered.  Given  that  a  first-best  tax  policy  using 

*  ’  < 

discriminatory  tax  rates  cannot  be  achieved/  a  second-best  .wage  policy 

•  •  *  -zi-iTi  vo  the  host  country  from  foreign 
,  - «- s,  1 3-en  *  .  ' :  :  *  ;  c  from  the  fact  that  —  for  Some  fixed  tax  rate 

--  the  supply  of  capital  (and  the  demand  for  labor)  will  be  an  upward 
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(downward)  sloping  function  of  tne  wage  rate/  which  is  easily  varied 

* 

across  industries  and  over  time.  Some  offshore  countries/  for  example/ 
have  an  indLstr y-specif ic  Piininiu.r.  wage  structure  in  place/  and  wages 
are  continuously  adjusted  over  time  tnrougn  the  political  economy  of 
labor  mar  xe ts  and  3overnmant  regulation. 

Tne  significance  of  a  downward-sloping  demand  for  laoor  in  a 
developing  economy  is  that  it  then  has  some  element  of  monopoly  power 
it  Can  exercise.  In  the  absence  of  taxes/  it  shoulc  set  the  wage 
cnargei  to  oifsnore  proiucers  suc.i  that  the  marginal  revenues  receive! 
from  selling  an  additional  laborer's  services  to  the  lorei gn-owned 
export  platforn  are  just  egual  to  the  .aarginal  social  cost  of 
witnoia.mg  t  ut  worker  from  tne  domestic  economy,  ^li/  Since  marginal 
revenue  will  he  less  tnan  the  wage  charged  to  exporters  (because  of  the 
iowruaid-siopi.ig  demand  for  laoor)/  this  clearly  imniies  tnat  the  wage 
shoulc  be  fixes  jwflys  ti.e  opportunity  cost  oi  labor  in  the  domestic 
economy/  i*  an  ontiral  policy  is  to  ue  followed.  in  particular/  when 
tne  invjst.re.it  is  not  subject  to  taxes  (i.e./  enjoys  an  unlimited  tax 
holiday)/  tne  wage  for  any  sector  should  be  set  such  tnat 

(11.2)  PL  -  C  (  -  nLPL  /  1  -  nLPL  > 

with  t- 1  the  wage  charged  to  foreign  producers/  Z0  the  marginal  social 

n 

opportunity  cost  oi  laoor/  and  *.pl  the  wa*e  elasticity  of  sectoral 
labor  aev. an o  riced  by  the  country  playing  host  to  offshore  investment. 

11/  on  tie  otaer  nan  1/  tax  rates  were  to  be  continuously  adjusted 
in.  ar.  ortimr-i  fashion,  all  profit  greeter  than  that  actually  reguireG 

of  ::;cign  investment  would  be  taxed  off,  and 
t  r  fV5;,ue  from  hiring  out  a  marginal  worker  to  the 


foreign  assembly  plant  just  equal  to  the  wage  received*  The  loss  in 
the  value  of  aggregate  wages  (and  increase  in  gross  profitability)  due 
to  the  drop  in  the  wage  rate  required  to  stimulate  the  hiring  of  an 
additional  worker/  would  be  exactly  offset  by  an  increase  in  the  tax 
rate  arid  tax  collections  (and  would  leave  net  profitability  unchanged). 

itical-lnelica iiana 

The  results  of  the  empirical  models  of  the  last  two  sections  make 
a  certain  amount  of  sense/  and  have  a  reasonable  policy  content. 

First/  recall  that  *  ,  the  capital  stock  'adjustment'  parameter/ 

was  reasonably  high  (about  .45).  is  remarked  before/  this  means  that 
about  seventy  percent  of  the  adjustment  to  optimal  capital  investment 
levels  will  be  achieved  after  a  year/  and  better  than  ninety  percent  of 
the  adjustment  made  after  three  years.  This  is  entirely  consistent 
with  the  relatively  light  and  easily  mobile  capital  investments 
traditionally  used  in  labor-intensive  assembly  methods. 

□ur  results  also  supported  (and  we  were  unable  to  reject)  the 
hypothesis  that  duty-free  U.S.  content  was  essentially  invariant  to  the 
wage  charged  for  assembly  labor.  This  suggests  that  manipulation  of 
the  wage/  the  main  policy  parameter  available  to  authorities  in  the 
exporting  country/  cannot  be  an  effective  means  of  reducing  the 
duty-free  U.S.  component  content  of  production.  On  the  other  hand/ 
there  was  some  indirect  evidence  that  raising  wages  may  increase  the 
use  of  dutiable  materials/  including  perhaps  those  produced  locally#  as 
more  material-intensive  production  materials  may  have  been  adopted. 
These  effects/  however/  are  rather  hypothetical/  and  we  cannot  reject 
the  presumption  that  the  wage  has  no  effect  at  all  on  material  content. 
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f  At  the  same  time/  the  long-run  elasticity  of  production  in  country 

I,  witn  respect  to  the  wage  was  quite  high/  on  the  order  of  -2.  (As 
before/  note  that  this  is  a  partial  elasticity/  valid  at  the  margin  for 
^  a  small  producing  country/  for  whoa  changes  in  returns  have  virtually 
no  impact  on  the  aggregate  market  portfolio  of  investments*) 

The  long-run  scope  for  action  by  a  small  country  hosting  offshore 
SCb  production/  then/  may  be  quite  limited.  The  one  policy  variable 
that  is  easily  manipulated  fs  likely  to  have  little  impact  on  the 
imported  content  of  the  product/  and  a  very  large  impact  on  the  market 
"«  share  of  the  country. 

Still/  there  are  positive  aspects.  The  reasonably  high  elasticity 
of  output  with  respect  to  the  wage  also  may  mean  that  a  substantial 

f 

(  monopoly  rent  can  be  extracted  by  correctly  setting  taxes  or  wages. 

}  Suppose/  for  example/  that  the  underlying  production  technology 

•  displays  a  fixed  capital/lubor  ratio/  and  that  the  country  is  a  'small' 

[€  producer.  Then/  the  coefficient  of  the  log  of  the  offshore  wage  in  the 

output  equation  of  section  10  is  just  the  long-run  elasticity  of  SCD 
assembly  labor  demand  faced  by  that  country;  use  of  (12.2)  suggests  a 
<  hefty  wage  differential  —  on  the  order  of  50  to  100  percent  over  the 
opportunity  cost  of  labor  in  the  domestic  economy  —  ought  to  be 
charged/  in  the  absence  of  taxes. 

•  If  a  discriminatory  tax  rate  can  be  charged/  then  the  wage  ought 

to  be  set  at  the  domestic  opportunity  cost/  and  the  tax  rate  set 

* 

according  to  (11.2).  While  we  do  not  have  any  direct  information  on 

*  Nkr/  our  estimates  suggest  that  it  is  greater  than  2}  212/  that 

I 

value/  the  tax  rate  ought  to  be  set  at  about  one-third.  Since  that  is 
above  levels  charged  by  most  Asian  offshore  countries/  a  second-best 


« 
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policy  would  then  charge  higher  (than  social  opportunity  cost)  wages  to 
SCD  assemblers  to  maximize  national  gain. 

Since  many  offshore  countries  do,  in  fact/  charge  minimum  wages 
that  are  higher  than  levels  within  the  domestic  economy/  there  is  some 
evidence  that  the  benefits  of  such  policies  may  already  have  been 
evident  to  national  planners.  21S/ 

» 


» 


< 


I 


I 


* 


t 
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Appendix  to  Section  11 


Optimal  Tax  and  Wage  Policy  fo  an  Offshore  Location 


The  total  benefit  to  a  host  country  is  given  by 

B  -  0  K  +  P  IK  -  rK  -  C  (£K) 

L 

with  0  gross  profit  per  unit  of  capital; 

K  capital  stock,  a  function  K(r)  of  r,  net  profit  per  unit  capital; 

P  the  wage  In  assembly  production; 

Li 

i  the  labor  to  capital  ratio; 

C  the  domestic  social  opportunity  costs  of  transferring  labor  out 
of  the  domestic  economy  and  Into  the  offshore  production  enclave;  C/  is 
marginal  social  cost; 

r  net  profit  per  unit  capital  is  just  tinder  (1-t)  0,  t  the  tax  rate. 


Differentiating  B  with  respect  to  r,  we  have 


(11.  A.  1)  JB 
3r 


(  0  +  (PL  -  C'  )  t  -  r)  K'-  K 


(  PL  -  c'  ) 


K 


Note  tha'  ,  with  constant  returns,  0  and  1  are  functions  of  Input  and 
output  prices  only;  we  have  also  made  use  of  the  fact  that  1  “  — ~ 

or. 


(this  result  is  a  variant  of  Shepherd's  leama) . 

A«  a  ne'“-'3sary  condition  for  an  optimal  policy,  set  both  of  the 

derivative*  ir.  (11. A. 1)  equal  tj  rero.  Clearly,  we  must  have  P  •  C^, 

L 


the  wage  equal  to  social  opportunity  cost,  and 


C11.A.2)  r  -  0 


1  +  n. 


-  the  elasticity  of  K 

*  kr 


with  respect  to  r. 

Substituting  for  r  we  then  have 

(11.  A.  3)  t  -  1  -  V 


for  the  tax  rate. 


1  +  n 


kr 


Now  suppose  the  tax  rate  Is  fixed.  Net  return  r  is  then  linked  to 
the  tax  rate  (since  It  equals  (1-t)  0  ) ,  and 

(11.  A.  4)  4r  -  -  (1-t)  M  -  -  (1-t)  1. 


dP 


3P_ 


‘L  ~L 

Differentiating  B  with  respect  to  the  only  remaining  policy  instrument. 


PL’ 


(11.  A.  5) 


dB  _  3B  ,  3B  dr 

dP  "  3P.  3r  dPT 


-  (P  -  c'  )  |1  K  +  r  3B  1  (-(l-t)l) 

3PL  L^J 

using  (ll.A.l)  and  (11.A.4). 

Setting  (11.A.5)  equal  to  sero,  and  solving  for  (P^  -  C/),  we  have 


(11.  A.  6)  P  -  C  -  (1-t)  1  3B 

<i> *  !r 

This  will  have  the  same  sign  as 


3B  (since  31  must  be  negative) 
3r  3P, 
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So  when  increasing  the  tax  rate  (and  lowering  r)  would  have  resulted  in 
a  welfare  gain,  will  exceed  C '  .  When  the  tax  rate  is  above  the 

optimum,  P  will  be  below  marginal  opportunity  cost  C/  . 

-  In  the  special  case  when  t  •  0  (and  0  ■  r) ,  (11.  A.  6)  becomes 

(11.  A.  7)  P  -  z'  -n 

L  1-n 

where  is  the  elasticity  of  labor  demand  with  respect  to  the  wage 

-  d  C  l  K)  h  .  M  h  _  PL  m'  . 

d  PL  IK  8Pl  l  K 


Finally,  suppose  wages  charged  to  offshore  foreign  investors  were 

fixed,  by  social  and  political  constraints,  at  a  level  above  marginal  social 

opportunity  cost  C'  (i.e. ,  P^  -  C r  is  positive  and  fixed).  Then,  setting 

3B  in  (11. A.  1)  equal  to  zero,  we  have 
3r 


(11.  A.  8)  r 


n 

tar 
1  +  r\ 

kr 


(  0  +  (PL  -  c"  )  1  ) 


Comparing  this  expression  with  (11.A.2),  it  Is  clear  that  the  optimal  tax  rate 
will  be  set  at  a  level  below  that  which  would  prevail  if  both  wages  and  taxes 
were  set  by  policymakers. 
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|  Economy  - 
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In  an  idealized  world  of  perfectly  frictionless,  competitive,  and 
unregulated  markets  for  economic  resources,  there  would  be  little 
difficulty  in  evaluating  the  effects  of  offshore  production  activity  on 
national  welfare  in  the  host  economy.  Since  the  prices  of  all  national 
resources  furnished  to  an  offshore  operation  would,  under  those 
circumstances,  fully  reflect  the  marginal  value  of  those  resources  in 
the  national  economy,  the  net  gain  to  the  host  would  be  the  increase  in 
the  productivity  of  national  resources  due  to  the  inflow  of  foreign 
capital  and/or  technology  plus  whatever  revenues  would  be  secured 
through  the  application  of  taxes  to  the  returns  received  by  foreign 
capital  and  technology.  The  analysis  of  the  last  section  focused  on 
the  optimal  tax  level  to  be  set  when  the  host  faced  an  upward-sloping 
supply  curve  for  foreign  capital  (or  when  the  tax  policy  cannot  be  used 
in  a  discriminatory  manner,  the  second-best  optimal  wage  to  be  fixed). 

Reality,  however,  requires  that  we  consider  the  effects  of  such 
operations  in  a  more  complex  framework.  Because  markets  for  capital 
and  foreign  exchange  often  tend  to  be  thin  and  highly  imperfect  in 
developing  economies,  market  prices  for  those  resources  often  do  not 
reflect  marginal  social  costs.  For  political,  structural,  and 
institutional  reasons,  the  wage  paid  in  a  particular  sector  of  the 
economy  may  exceed,  or  fall  short  of,  the  social  marginal  return  to  an 
hour  of  labor.  Because  tariffs,  controls,  taxes,  and  subsidies  alter 
the  market  prices  of  goods  and  services,  those  prices  will  no  longer  be 
accurate  guides  to  the  social  costs  of  the  resources  they  use.  212/ 


i 


559 


( 


C 

B 

; 

ki 

yc. 

i 


In  evaluating  the  impacts  of  offshore  manufacturing  on  the 
domestic  economy/  a  host  government  is  likely  to  focus  on  five  major 

■V 

sets  of  socioeconomic  effects*  First/  because  most  developing 
economies  are  faced  with  significant  problems  of  open  unemployment  and 
underemployment/  the  effects  of  offshore  operations  in  absorbing  an 
excess  supply  of  unskilled  labor  are  bound  to  be  of  fundamental 
importance.  Second/  because  foreign  exchange  is  generally  a  scarce 
(and  often/  rationed)  commodity  in  these  host  economies/  the  net  impact 
on  the  balance  of  payments/  and  the  availability  of  foreign  exchange/ 
will  he  of  great  importance.  Third/  many  developing  countries  have 
selected  industrialization  as  an  explicit  development  strategy,  and  the 
contribution  of  offshore  manufacture  to  this  process  will  be  of 
interest.  Similarly,  the  possible  importance  of  this  type  of  foreign 
investment  in  transferring  more  advanced  technology  to  the  developing 
areas  ought  to  be  considered.  Finally,  the  possible  long-term 
implications  of  orienting  the  industrial  economy  to  foreign  markets  and 
technical  developments,  over  which  the  host  has  little  or  no  control, 
raises  the  issue  of  the  effects  of  this  type  of  manufacture  on  tne 
stability  of  the  host  economy,  and  its  dependence  on  foreign  markets. 


While  reliable  and  detailed  information  is  difficult  to  obtain, 

t 

available  data  do  allow  us  to  draw  some  conclusions.  Table  12.1 
summarizes  available  information  on  employment  in  the  electronics 
industries  of  the  major  Asian  "offshore"  countries.  It  is  clear  that 
while  employment  in  the  electronics  sector  has  grown  very  rapidly  in 
all  of  these  countries,  it  absorbed  a  fraction  of  the  working  age 


t 


Employment  In  Electronic  Industries  from  Jspan  Electronic  Machinery  Industry  Association 
(1980),  p.  180;  Electronics,  December  7,  1970;  December  4,  1972;  Suh  (1975),  p.  117. 
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population  ranging  from  about  four-fifths  of  a  percent  (in  Malaysia)  to 

~  ’  *> 

close  to  five  percent  (in  Singapore)*  It  was  most  important  in 

4  • 

Singapore  and  Hong  Kong/  followed  by  Taiwan  and  Korea/  and  still  a 
relatively  minor  source  of  jobs  in  Malaysia  and  the  Philippines.  Since 
(except  in  Hong  Kong)  industrial  employment  amounted  to  from  about  15 
to  3G  percent  of  employment/  however/  electronics  was  considerably  more 
important  (in  relative  terms)  as  a  source  of  industrial  employment. 

Because  electronic  component  production  is  only  a  (substantial) 
fraction  of  elec.ronics  output  in  most  of  these  countries/  and 
semiconductor  output  of  offshore  affiliates  a  smaller  fraction/  these 
figures  overestimate  the  employment  impact  of  offshore  semiconductor 
employment  in  the  major  Asian  producer  economies.  The  only  really 
solid  figures  on  offshore  employment  (by  U.S.  semiconductor  producers) 
appear  in  the  1977  Benchmark  Survey  of  U.S.  Direct  Investment 
Abroad.  22L/  That  survey  lists  data  for  "electronic 
component"  —  producing  affiliates  of  U.S.  firms  in  a  number  of 
regions.  For  Asia  and  the  Pacific  (excluding  Japan/  Australia/  and  New 
Zealand)/  however/  exports  to  the  United  States  accounted  for  some  B3  , 
percent  of  sales.  When  checking  data  on  U.S.  imports  of  electronic  .> 
components  from  the  Far  East  (excluding  Japan)  in  1977/  one  finds  that 
some  92  percent  of  these  imports  consisted  of  semiconductors.  221/ 

Thus/  electronic  component  production  by  U.S.  affiliates  in  Asia  in 
1977  was  almost  exclusively  devoted  to  the  manufacture  of 
semiconductors;  we  shall  therefore  use  this  data  on  the  Asian 
operations  of  o._-  -  f  f  i  i  i  -  *  c  s  ar  :  rirr-  proxy  for  those  of 
U.S.  offshore  semi  ct  r.  cue  tor  facilities  in 


1977 
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Table  12.2  summarizes  this  information  on  employment  by 

v*  ***“• 

U.S.  electronic  component  affiliates  in  1977/  along  with  similar  data 
on  Japanese  affiliates  in  1979.  The  U.S.  data  are  also  broken  out 
separately  for  majority-owned  foreign  affiliates  (MDFAs).  While  the 
Japanese  employment  is  almost  entirely  concentrated  in  Asia/ 
substantial  U.S.  electronic  component  employment  can  also  be  found  in 
Latin  America  and  Europe.  Little  of  this  U.S.  output  is  exported  to 
the  U.S.  from  Europe  (less  than  3%);  in  Latin  America  a  substantial 
percentage  (75  percent)  is  exported  to  the  U.S./  but  little  consists  of 
semiconductors.  In  the  Japanese  firms/  probably  only  10/000  to  20/000 
of  the  Asian  component  employment  is  related  to  semiconductors  (see 
Section  8). 

j 

At  any  rate/  Table  12.2  suggests  an  upper  limit  of  about  100/000 
on  employment  by  U.S.  Asian  offshore  semiconductor  affiliates  in  1977.  /> 
To  this  must  be  added  any  employment  by  non-aff i liated  local  contract 
assemblers  working  for  U.S.  firms;  this  was  probably  reasonably  small 
in  relation  to  the  overall  figure  and  100/000  is  probably  a  reasonable 
estimate  of  all  U.S.  —  related  offshore  semiconductor  employment  in 
Asia  in  that  year. 

It  would  be  interesting  to  break  down  this  employment  by  country/ 
so  as  to  make  a  comparison  with  Table  12.1  and  guage  the  employment 
impact  by  country.  The  data/  unfortunately/  are  not  sufficiently 
disaggregated  to  do  so.  However/  all  U.S.  electrical  equipment 

T- 

employment  in  developing  Asia  and  the  Pacific  in  1977  amounted  to  some 
158/000  workers  (of  which  101/000  were  in  electronic  components)  which 
is  given  by  country  in  Table  12.3.  Again/  these  ought  to  be  considered 
approximate  upper  limits  on  offshore  employment  in  Asia  by  U.S.  SCD 
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Table  12.2 

Foreign  Employment  of  Foreign  Affiliates 
(1000  Employees) 


Electronic 

Component  Producers 

(SIC  367) 

U.S. 

Firms,  1977 

Japanese  Firms,  1979 

MOFAs  Only 

r  All  Affiliates 

All  Affiliates 

All  Foreign  Employment 

185 

219 

99 

Europe 

52 

62 

.1 

Japsn 

3 

NA 

- 

-her  Asia  and  Pacific 

95 

101 

89 

Latin  America 

24 

37 

5 

North  America 

- 

1 

Home  -  Industry  Employment, 
Electronic  Components 

374 

228  1 

Source:  For  U. S . ,  U.S.  Department  of  Commerce,  Bureau  of  Economic  Analysis, 

P.S.  Direct  Investment  Abroad.  1977  (Washington,  April  1981) 

For  Japan,  Japan  Electrical  Machinery  Industry  Association 

Home  Industry  Employment  from  U.S.  Census  of  Manufactures,  1977 

and  U.S.  Dept  of  Commerce,  Country  Market  Survey.  Electronic  Components 

Japan.  (Washington,  1979). 


1.  For  1978 


« 


Table  12.3 


Employment  of  U.S.  Affiliates  Producing  Electrical  Equipment 

•(1000  Employees) 


Hong  Kong 

19 

Indonesia 

5.3 

Malaysia 

24 

Philippines 

8.9 

Singapore 

25 

South  Korea 

8.5 

Taiwan 

48 

Developing  Asia  and  the 
Pacific 

158 

Source: 


U.S.  Department  of  Commerce,  Bureau  of  Economic  Analysis, 
U.S.  Direct  Investment  Abroad.  1977  (Washington,  April  1981) 
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producers*  As  can  be  seen/  the  great  bulk  of  U.S.  operations  are 
located  In  Taiwan,  Singapore,  Malaysia,  and  Hong  Kong.  By  comparing 
these  figures  to  Table  12.1,  it  seems  safe  to  argue  that  at  least  half 
of  electronics  employment  in  Singapore  (most,  probably,  in 
semiconductors),  and  Malaysia  was  associated  with  U.S.  subsidiaries  and 
pernaps  on  the  order  of  a  quarter  of  electronics  employment  in  Hong 
Kong  and  Taiwan  owed  to  U.S.  subsidiaries. 

Two  other,  rather  fragmentary/  sets  of  information,  give  us  some 
indication  of  how  offshore  semiconductor  employment  has  grown  overtime. 
First,  Table  12.4  documents  offshore  employment  by  aa^or  semiconductor 
firms  of  all  nationalities  in  1971  and  1974.  222/  These  figures  also 
represent  upper  bounds  on  semiconductor  employment,  since  they  often 
refer  to  assembly  operations  whi'  .  produced  electronic  output  other 
than  semiconductors.  They  suggest  that  developed-country  semiconductor 
producers  of  all  nationalities  employed  under  twenty  tnousand  workers 
in  their  offshore  semiconductor  assembly  operations  in  1971,  and 
perhaps  three  to  four  times  as  many  workers  in  1974.  Roughly 
three-quarters  of  the  employment  was  by  U.S.  firms  in  1971;  roughly  85 
percent  was  American  in  1974.  The  greatest  growth  occurred  in 
Singapore  and  Malaysia. 

The  other  source  of  information  on  the  growth  of  offshore 
employment  is  a  1979  study  by  the  U.S.  International  Trade  Commission 
of  the  U.S.  integrated  circuit  industry.  In  it,  U.S.  IC  firms 
responded  to  a  questionnaire  with  information  on  their  domestic  and 
*oreigr.  etr-loymen* .  presented  ir.  Tcble  12.5.  The  numbers  on  foreign 
employment  in  semiconductor  manufacture  include  European  manufacturing 
facilities,  as  well  as  the  "offshore"  operations  in  Asia  described 
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•f;  Table  12.4 

Offshore  Employment  of  Major  SCO  Producers 
1971  and  1974 
(1000  Employees) 

Ti 

’  Nationality  of  Producer 

U.S.  European  Japanese  All 


1971 

1974 

1971 

1974 

1971  1974 

1971 

1974 

1 

Location 

Singapore 

5.7 

18 

.75 

3.0 

6.5 

21 

■ « 

Korea 

4.8 

13 

4.3 

4.8 

13 

Malaysia 

14 

1.8 

1.2 

16 

Hong  Kong 

2.0 

5.4 

3.0 

2.9 

5.0 

8.3 

Mexico 

2.2 

NA 

2.5 

Indonesia 

2.5 

2.5 

Taiwan 

1.7 

4.5 

.85 

1.0 

2.6 

5.5 

Thailand 

2.0 

2.0 

El  Salvador 

1.8 

1.8 

Philippines 

2.0 

2.0 

'  • 

TOTAL 

16 

61 

4.6 

11 

5.5 

21 

72 

Source':  UNCTAD  (1975),  pp.  17-18. 

*  '  Data  refer  to  employment  In  facilities  producing  semiconductors, 

*  but  many  also  assemble  other  electronic  products. 

4 
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Takle  12.5 


Foreign  end  U.S.  Employment  of  U.S.  1C  Producere 
1974-1978 


1974 

1975 

1976 

1977 

1978 

1) 

Foreign  SCO  Employment 
(1000s) : 

70 

59 

78 

81 

89 

2) 

X  of  (1)  working  In 

Manuf ecture  of  ICs: 

63 

64 

68 

69 

73 

3) 

As  X  of  (2) ,  Production 
Workers: 

94 

93 

93 

93 

93 

4) 

(1)  as  X  of  U.S.  SCD 
Employment  of  Semple: 

81 

87 

108 

103 

100 

5) 

As  X  of  U.S.  Workers, 

X  In  Manufacture  of 

ICs: 

73 

69 

68 

71 

74 

6) 

As  X  of  U.S.  IC  Workers, 
Production  Workers: 

53 

60 

64 

63 

63 

Source:  U.S.I.T.C.  (1979),  FP.  100-101 
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above/  and  exclude  the  employaent  of  U.S.  firms  which  manufacture 

-  ;  ^  ... 

sealconductors  other  than  ICs.  W. 

«S*f' 

The  survey  shows  over  89/000  in  foreign  SCO  employaent  in  1977/  by 

.  *  «<  # 

U.S.  IC  producers/  of  which  almost  70  percent  was  in  the  aanufacture  of 
ICs.  Some  93  percent  of  the  foreign  employees  in  IC  production  were 
production  workers.  Roughly  the  sane  proportion  of  domestic  SCD 
employment  was  in  1C  production/  but  a  much  smaller  proportion  (under 
2/3)  were  actually  on  the  production  line.  Since  total  U.S.  SCD 
employment  in  1977  was  114  thousand/  222/  the  proportion  of 
U.S.  semiconductor  employees  covered  in  this  sample  was  close  to 
tnree-yuar ters.  The  figures  of  Table  12.5  also  indicate  a  significant 
increase  in  the  relative  importance  of  overseas  employment  during  and 
after  the  1974-75  recession. 

We  conclude  then/  that  all  the  statistical  information  examined 
indicates  a  very  large  increase  in  offshore  employment  in  the 
production  of  semiconductors  between/  say/  1971  and  the  aid-1979S/  and 
a  much  more  moderate  growth  after  the  end  of  the  1974-75  recession.  If 
we  had  to  venture  an  educated  guess  on  the  size  of  tne  offshore  labor 
force  in  semiconductors  in  Asia  in  1977/  it  would  be  in  the 
neighborhood  of  100/000  workers/  and  certainly  no  more  than  120/000  as 
an  upper  limit. 

Hhile  this/  in  the  aggregate/  is  a  respectable  number  of  jobs/  it 
is  at  best  a  marginal  contribution  to  employment  absorption  for  most 

-t  .  •  ■  • 

Aslan  countries.  It  might  be  argued  that  there  are  "multiplier" 
effects/  since  offshore  assembly  operations  night  stimulate  the  growth 
of  industries  using  the  assembled  components  in  exports  of  other 
electronic  goods.  The  low  transport  costs  for  semiconductors  argue 


against  this  point/  however;  and  even  if  we  were  to  consider  all 

electronics  employment  in  tnose  offshore  countries/  the  absorption  of 

•  •  • 

.  ' 

employment  is  still  marginal  when  compared  to  the  size  of  the  working 

V  ''  .  '•  - 

age  population. 

The  exceptions  to  this  generalization  seem  to  be  Singapore  and 
Malaysia/  where  semiconductor-related  employment  is  the  major  component 
in  electronics  employment/  which/  in  turn/  is  a  major  portion  of  the 
industrial  work  force.  But/  in  general/  offshore  semiconductor 
assembly  operations  probably  have  a  relatively  minor  impact  on 
employment  in  most  Asian  economies. 

Before  turning  to  other  possible  impacts/  we  should  also  remark 
that  offshore  assembly  of  semiconductors/  like  the  offshore  manufacture 
of  other  products  described  elsewhere  in  this  book/  uses  a 
predominantly  young/  female  labor  force.  224/  To  a  certain  extent/  such 
operations  may  exacerbate  LDC  employment  problems  by  encouraging  labor 
force  participation  by  demograpnic  groups  not  normally  economically 
active.  225/ 

To  evaluate  the  effect  of  offshore  production  on  the  host 
economy's  foreign  exchange  position  and  balance  of  payments/  a 
conceptually  precise  approach  would  calculate  the  domestic  resource 
costs  of  the  nationally-produced  inputs  used  in  assembly  per  dollar  of 
foreign  exchange  produced/  and  compare  the  calculation  with  the 
domestic  resource  costs  of  earning  a  dollar  of  foreign  exchange  in 
alternative  activities.  224/  If  the  only  national  input  used  were 
labor/  then  net  inflow  of  foreign  exchange  would  equal  employee 


compensation#  plus  whatever  taxes  were  collected  by  ths  host  on  the 

V-->‘ 

profits  of  offshore  operations*  The  domestic  resource' costs  of  a 
dollar  of  foreign  exchange  would  just  be  the  wage  bill/  divided  by  this 
latter  sum  multiplied  by  the  market  exchange  rate*  If  the  price 
charged  for  labor  services  supplied  to  offshore  producers  differed  from 
the  opportunity  cost  of  labor  used  in  the  national  economy#  the  wage 
bill  in  the  numerator  would  have  to  be  corrected  for  the  divergence  of 
market  price  from  marginal  social  cost*  Effectively/  the  wages  of 
workers  and  income  taxes  are  paid  in  foreign  exchange#  at  a  social  cost 
to  the  national  economy  of  the  value  of  the  workers  foregone  services 
in  the  national  economy*  If  workers  are  paid  more  than  is  the  case  in 
the  national  economy#  costs  per  dollar  of  exchange  will  decline. 

On  the  other  hand#  if  national  inputs  other  than  labor  are  used# 
the  calculation  will  have  to  take  into  account  tne  social  costs  of 
directing  those  resources  from  the  national  economy  into  the  export 
enclave*  A  calculation  of  the  domestic  resource  costs  of  assembly  for 
export#  then#  will  be  greatly  affected  by  the  amount  and  type  of 
national  resources  used*  In  particular#  an  export-oriented  assembly 
operation  using  capital  drawn  from  local  capital  markets  (for  example# 
if  a  national  entrepreneur  sets  up  a  factory  that  subcontracts  assembly 
operations  with  foreign  principals)  imay\  have  much  higher  domestic 

resource  costs#  especially  if  capital  is  very  dear#  as  is  usually  the 

*  ■* 

case  in  a  developing  economy.  Also#  if  the  assembly  operation  (even  if 
totally  financed  by  foreign  capital)  requires  infrastructural 
Investment  by  the  host  count’V#  the  cost  of  those  investments  must  be 
added  into  the  domestic  resource  costs  of  the  foreign  exchange. 


The  little  empirical  evidence  that  exists  suggests  that 

foreign-owned  semiconductor  assembly  operations  use  significant  amounts 

r 

of  non-labor  national  inputs*  This  can  be  seen  in  Table  22*6*  which 

■*  • 

breaks  down  the  income  and  costs  of  U*S*  electronic  component 
affiliates  in  Asia  into  imported  and  national  components*  As  remarked 
before/  the  output  of  these  affiliates  consists/  overwhelmingly/  of 
semiconductors*  The  table  shows  that  imports  from  the  U.S*  account  for 
over  forty  percent  of  sales/  222/  and  net  profit s,  fees  and  royalties 

another  five  percent*  Tne  remaining  54  percent  of  sales  is  paid  out  in 

\ 

employee  compensation/  taxes/  utilities  and  overhead  and  purchases  of 
inputs*  This  latter  figure  may  have  to  be  reduced  (J.n  calculating  tne 
net  Inflow  of  foreign  exchange)  if  inputs  are  'imported  from  other 
4  countries/  which  is  not  known  from  the  available  information* 

To  calculate  domestic  resource  costs/  the  various  components  of 
the  54  percent  of  sales  composed  of  national  Inputs  would  have  to  be 
identified  and  priced  at  the  correct  shadow  prices  for  those  inputs* 
Unfortunately/  lack  of  Information  on  the  structure  of  these  costs/  and 
the  correct  shadow  prices  prevents  us  from  doing  so* 

He  can/  however/  gauge  the  importance  of  semiconductor  exports  in 
terms  of  gross  flows  of  foreign  exchange*  Table  12*7  displays  the 
value  of  semiconductor  production  and  exports  in  a  number  of  Asian 
countries  in  1976/  in  comparison  with  manufactured  exports  and 
merchandise  exports*  For  Singapore/  Taiwan/  and  the  Philippines/ 
semiconductors  are  a  large  and  significant  portion  of  manufactured 
I  exports*  The  situation  in  the  Philippines  in  recent  years  is  even  more 
-  dramatic/  as  exports  of  semiconductors  zoomed  to  $269  million  by 
1979.  2 2fl/ 
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Table  12.6 

In cone  and  Coats  of  U.S.  Foreign  Affiliates, 
Electronic  Components,  Leas  Developed  Asia  and  Pacific 

1977 


Million  $ 

X  Total 
Income 

TOTAL  INCOME 

1622 

100 

-  Imports  of  Inputs  from  U.S. 

661 

41 

-  Direct  Investment  Income 

54 

3.3 

-  Remittances  of  Fees  and  Royalties 

22 

1.4 

-  Net  Inflow  of  Foreign  Exchange 

885 

54.3 

of  which: 

Employee  Compensation 

195 

12 

Operating  Expenses,  Overhead,  Taxes, 
Inputs 

690 

42.5 

Source:  For  U.S. ,  U.S.  Department  of  Commerce,  Bureau  of  Economic  Analysis, 
U.S.  Direct  Investment  Abroad.  1977  (Washington,  April  1981) 


(Note:  Reinvested  earnings  are  not  subtracted  from  direct  invest¬ 
ment  Income,  on  the  assumption  that  they  would  be  close  to  sero 
for  en  investment  with  stable  capacity.) 


Table  12.7 


Importance  of  Semiconductors  in  Manufactured  Exports 


Count i 


SCO 

Production 
(Million  f) 


Active  Component 
Exports  to  DCs* 
{Million  9) 

of  vhleh, 
X  to 

U.  S.  Jet 


Manufactured  Exports 
(Million  $)  (as  Z  of  all  exports 

of  merchandise) 


Bong  Kong  168 

113 

80 

5 

7,882 

97 

Singapore  316 

313 

79 

1 

3,020 

66 

Taiwan  601 

6,922 

85 

Philippines 

81 

73 

17 

608 

26 

Malaysia 

252 

82 

7 

826 

16 

Korea 

261 

66 

25 

6,770 

88 

Indonesia 

13 

90 

7 

130 

2 

Sri  Lanka 

1.3 

0 

100 

76 

16 

Thailand 

6.7 

98 

2 

572 

19 

Brasil 

11 

85 

0 

2,500 

25 

Mexico 

127 

98 

.2 

1,010 

31 

El  Salvador 

35 

85 

.2 

209 

Barbados 

1.5 

99 

0 

*  Includes  tubes,  as  veil  as  SCDs,  as  reported  In  import  etstletica  of  26  developed 
countries* 

Source:  For  SCC  production,  D.S.  Department  of  Commerce,  Country  Market  Surveys  - 
Electronic  Components  (Washington,  1979). 

Active  component  exports  ere  S1TC  729.3  from  U.N.  Statistical  Office, 
Supplement  to  World  Trade  Annual.  1976. 

Manufactured  Exports  Data  from  World  Bank,  World  Development  Indicators 
(Washington,  1979). 


While  the  precise  contribution  of  offshore  semiconductor  exports 

to  the  foreign  exchange  position  of  the  host  economies  is  unclear# 

«  *  s 

since  the  costs  of  securing  foreign  exchange  cannot  be  calculated  with 

*  V* 

precision  and  compared  to  alternative  activities#  it  is  clear  that  they 
are  a  substantial  source  of  foreign  exchange  for  those  economies*  They 
are  also  a  major  factor  in  the  industrialization  of  those  economies#  as 
can  be  seen  in  the  significant  portion  of  manufactured  exports  they 
account  for* 

l£3  D£X£I_fiX_l  ££h£lfilfii2X 

Discussions  of  the  transfer  of  technology  through  the  offshore 
operations  of  multinational  firms  tend  to  focus  on  tuo  distinct  sets  of 
issues*  The  first  is  whether  or  not  workers  in  these  firms  gain 
valuable  skills  and  industrial  work  discipline  through  their 
experiences.  This  issue  is  discussed  in  great  detail  222/  elsewhere 
in  this  book.  The  only  point  to  be  added  here  is  that#  as  remarked 
earlier#  222/  on  assembler  reaches  peak  efficiency  after  about  two  to 
tnree  months  of  experience#  which  does  not  indicate  a  particularly 
difficult  level  of  skill  is  attained* 

The  second  issue#  and  by  far  the  most  intriguing  from  the 
viewpoint  of  the  host#  is  that  valuable  process  and  product  technology 
is  transferred  as  nationals  from  the  host  country  observe  the 
technology  of  production#  distribution#  and  sales*  Semiconductor 
assembly  using  manual  techniques  is  not  a  particularly  difficult 
industrial  process#  and  nationals  from  various  "offshore"  countries 
have  set  up  contract  assembly  plants#  relying  upon  subcontracting 
arrangements  with  developed  country  firms  for  their  business  volume* 
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Firms  in  the  Philippines  are  particularly  well  known  as  independent 


subcontractors  in  semiconductor  assembly,  221/ 


-•V  -  t  .. 


While  it  aay  be  argued  that  the  value  of  this  sort  of  simple 
assembly  technology  is  low/  the  increasing  complexity  of  the  operations 
performed  and  equipment  used  offshore  are  upping  the  technological 
ante,  Discrete  semiconductors  were  being  manufactured  by  local 
producers  in  Asia  by  the  early  1970s  222/  and  more  complex  Integrated 
circuits  chips  were  being  produced  by  the  late  1970s,  222/  American 
firas  increasingly  began  to  locate  complex  testing  equipment  in  Asia  in 
tne  1970s,  and  most  recently/  automated  assembly  equipment,  224/ 

On  the  other  hand/  it  is  not  clear  that  the  offshore  assembly 
operations  had  any  clear  relationship  to  the  technology  used  by  local 
producers  in  chip  manufacture.  Sold  Star  Semiconductor/  of  Korea/ 
which  is  one  of  the  few  (non* Japanese)  Asian  firas  to  produce  its  own 
chips/  is  a  joint  venture  with  ATI's  Western  Electric  manufacturing 
arm,  222/  The  three  Hong  Kong»based  manufacturers  who  recently  started 
installing  1C  capacity  obtained  their  technology  by  sending  engineers 
to  the  U«S«  for  training/  and  by  importing  production  engineers,  222/ 

i  * 

Thus,  while  it  is  true  that  local  entrepreneurs  have  successfully 
started  contract  assembly  plants  for  semiconductors/  and  that  this  may 
have  been  related  to  experience  in  and  observation  of  the  successful 
offshore  operations  of  foreign  firms/  222/  It  is  also  clearly  true  that 
assembly  experience  is  limited  relevance  to  the  manufacture  of  the 


heart  of  the  device/  the  etched  silicon  chip,'  It  is  questionable  just 
how  much  technology  can  be  transferred  without  the  educational  and 
research  infrastructure  that  is  required  for  the  successful  application 
of  technology.  In  fact/  the  experience  of  Japan  would  seem  to  indicate 


that  technology  can  be  acquired  successfully  without  direct  investment/ 
as  long  as  the  skills  and  manpower  resources  that  are  needed  to 
transmit  it  exist  and  access  to  proprietary  knowledge  can  be 
negotiated.  On  the  other  hand/  all  the  investment  in  the  world  will 
not  transmit  technology  if  the  educated  manpower  required  as  a  medium 
of  transmission  does  not  exist.  223/ 

Tne  final  set  of  issues  we  ought  mention  when  discussing  impacts 
on  a  host  economy  of  offshore  assembly  relate  to  the  degree  of 
stability  of  the  level  of  economic  activity/  and  the  dependence  on 
foreign  markets/  created  when  resources  are  transferred  into  an 
offshore  assembly  enclave.  If  the  costs  of  shifting  resources  between 
activities  were  nil/  this  would  not  be  an  issue.  But  unemployed  or 
displaced  workers/  for  however  long  they  remain  in  that  state/  and 
fixed  infrastructural  or  industry-specific  investments/  are  costs  to 
the  the  economy  when  demand  drops  in  the  industry  in  which  those 
resources  are  employed.  Hence/  variation  in  the  level  of  output 
imposes  costs  on  an  economy/  and  the  stability  of  demand  is  a  factor 
with  economic  value  when  evaluating  the  return  to  committing  resources 
to  an  industry. 

This  economic  cost  of  instability  also  imposes  a  certain  amount  of 
economic  and  pollticial  dependence.  Zf  demand  can  be  affected  by  the 
decisions  of  some  group/  that  body  has  a  degree  of  bargaining  power  in 
its  relations  with  the  economy  facing  that  demand.  Rather  than 
m- aider  tnt  costs  of  shuffling  resources  about/  it  may  be  more 
* erthwhile  for  host  country  policy-makers  to  make  economic  concessions 


I 


5; 


of  a  lesser  cost. 


Inis  latter  sort  of  dependence  does  not  seem  an  Important  feature 


of  the  international  semiconductor  industry/  because  of  the  fiercely 
competitive  nature  of  the  industry  (as  opposed/  say  to  some  of  the 
natural  resource  industries).  There  have  been  feu  suggestions  that 
foreign  offshore  assembly  operations/  acting  in  concert/  have  been  able 
to  exert  influence  over  host  country  economic  policy  decisions  by 
threatening  to  close  or  reduce  their  operations.  239/ 

On  tne  other  hand/  cyclical  instability  is  an  impor  ->t  feature  of 
electronics  demand.  An  economy  that  places  a  major  port  if  its 
labor  force/  or  its  capital/  in  an  export-oriented  electronics  industry 
may  face  a  severe  cost  uhen  the  trough  of  the  uorld  business  cycle 
{(  nits.  Also/  the  lou  transport  costs  and  high  mobility  that  led  to  the 
original  overseas  migration  of  the  semiconductor  industry  will  make 
local  production  levels  exceedingly  sensitive  to  changes  in  the  costs 
ana  attractiveness  of  a  particular  host  country/  and  therefore/ 
somewhat  unstable.  Historically/  variations  in  costs  and  political 
conditions  have  led  to  drastic  and  rapid  changes  in  the  international 
1  distribution  of  assembled  output. 

Thus/  instability  in  demand  —  for  individual  host  economies  as 
a  consequence  of  their  economic  decisions  and  those  of  their 
1  competitors/  and  for  the  world  economy  as  a  whole  —  is  likely  to  be 
an  Important  factor  in  determining  the  optimal  amount  of  national 
resources  (labor  and  capital)  to  commit  to  semiconductor,  assembly. 

I  when  the  cost  of  adjusting  resources  among  sectors  is  reasonably  low/ 
nowever/  as  may  be  the  case  for  the  unskilled  labor  used  in  assembly/ 
and  when  the  overall  level  of  employment  (and  potential  unemployment) 


is  small/  as  appears  to  be  the  case  in  the  As'ian  countries  we  have 
examined/  it  will  probably  be  of  only  marginal  significance. 

v*c  •  •  ^  v 

This  reasoning  implies  that  the  less  developed  host  economies  may 
be  playing  a  risk-sharing  role  in  the  world  semiconductor  economy/ 
spreading  among  themselves  the  consequences  of  variations  in  world 
demand  that  would  otherwise  be  felt  by  workers  in  the  home 
semiconductor  industries  of  the  multinational  firms  that  dominate  the 
industry.  Inis  very  naturally  leads  us  to  consider  the  effects  of 
offshore  production  on  the  industrialized  countries  that  serve  as 
markets  for  this  international  trade. 


.  13*  lD2a£iS-fiIl-Iil£_!l2!£»Ec2I12ax  v«  . 

nr-#' 

The  exportvof  semiconductor  assembly  tasks  to  offshore  plants  has 
•  « 

also  had  significant  effects  on  the  structure  of  the  Industry  in  the 
industrialized  countries  uhere  it  is  based*  In  an  idealized  world  of 
frictionless  competitive  markets/  the  benefits  of  that  movement 
offshore  to  the  home  economy  would  be  measured  by  the  lower  prices  paid 
for  assembled  devices  by  producers/  which  in  turn  are  reflected  in 
lower  prices  to  consumers  for  the  final  good  which  use  them  as  inputs 
(and  ignoring  distributional  questions)  2.40/ 

In  a  real  world  economy  with  rigidities/  adjustment  costs/  and  a 
host  of  structural  and  institutional  imperfections/  however/  the 
question  of  the  effects  of  this  international  transfer  is  not  so  easily 
resolved*  241/  Cnanging  the  number  and  nix  of  workers  in  an  industry 
■ay  impose  social  costs  on  distinct  groups  within  the  economy.  If 
there  are  displaced  workers,  they  will  have  to  seek  new  employment, 
retrain,  or  perhaps  even  face  involuntary  unemployment.  So  it  may  be 
of  interest  to  investigate  what  precisely,  the  effect  of  offshore 
assembly  on  the  domestic  labor  force  will  be* 

In  this  section,  we  will  evaluate  these  effects*  Because  useful 
data  are  only  available  in  detail  for  the  United  States,  and  because, 
as  we  have  seen,  the  United  States  is  the  only  national  semiconductor 
market  in  which  offshore  production  is  the  dominant  feature  of  supplies 
to  that  market,  we  will  only  look  at  effects  on  the  U*  S*  industry* 
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Figure  13.1  displays  the  theoretical  framework  ve  Hill  use  to 
construct  some  (mainly  illustrative)  social  cost-benefit  calculations. 
Mo  assume  all  resources  used  in  assembly  (onshore  and  offshore)  are 
available  in  perfectly  electronic  supply  to  a. competitive  semiconductor 
industry^  and  that  there  are  constant  returns  to  scale  in  assembly.  D 
-  is  the  demand  curve  for  semiconductors  as  an  input  to  the  consumer 
goods  industry.  242/  Cu  is  cost  of  a  finished  semiconductor  when 
manufactured  in  the  U.  S.  #  Co  the  cost  uith  offshore  assembly/  4u  and 
Qo  the  demands  for  semiconductors  with  prices  set  equal  to  the 
respective  costs. 

kith  these  assumptions/  the  benefit  received  by  consumers/  in  the 
fora  of  price  reductions  for  goods  using  seiieonductors/  can  be 
measured  by  the  increase  in  consumers  surplus  in  the  final  goods 
market/  given  by  the  shaded  trapezoid  1  Ain  Figure  13.1.  242/  That 

I 

is,  suppose  cost  were  to  drop  from  C„  to  CQ  Then  a  saving*  of  CQ  B  A 
on  semiconductor  inputs  would  be  immediately  passed  on  to  consumers  xn 
the  form  of  cost  reductions.  Because  of  the  drop  in  price/ 
furthermore/  more  semiconductors  will  be  used  (per  unit  of  consumer 
goods/  if  this  is  substitution  in  production  as  well  as  in  the  greater 
volume  of  consumer  output  demanded  at  lower  prices).  Because  some 
producers  and  indirectly/  consumers/  would  have  been  willing  to  pay 

*  *v 

more  than  Ce  for  some  of  the  semiconductors  they  used/  triangle  ABC 
*  ,~f .  .  '  *  - 

must  also  be  added  to  c0  B  A  to  get  the  net  social  benefit  of  reduced 


semiconductor  costs 
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Alternatively/  if  we  consider  tne  social  cost  of  bringing  home 

offshore  prouduction/  we  cnn  calculate  a  welfare  lass  V  having  a  value 

0 

equal  to  the  area  of  that  trapezoid*  raxing  a  second  order 
approximation/  we  can  express  that  change  as  a  fraction  of  tne  original 
(offshore)  value  of  semiconductor  output  244/ 


(13.1) 


•  -Cf1)  H  (i-1)  >) 


with  n  the  price  elasticity  of  D  at  C0. 


».e  then  appi  oxi  note  tne  social  cost  (in  terras  of  a  dollar  value) 

of  transferring  resources  out  of  other  sectors  of  the  economy  and  into 

domestic  semiconductor  assembly/  instead  oi  producing  other  goods  anti 

trading  then,  for  offshore  assembly  services/  with  (13.1)*  The 

resources  require!  to  assemble  a  seniconudctor  domestically  come  at  tne 

expense  of  other  output  having  value  t  exceeding  the  value  of  the 

costs  with  a  foreign  assembler/  r  •  To  measure  this  loss/  estimates  oi 
C  o 

U  1 

—  ~  x  /  additional  <J •  3.  assembly  costs  as  a  fraction  of  the  cost  of 
co 

an  offshore-assembled  device/  and  nQp  #  the  price  elasticity  of  demand 
lor  seuicon doctors  as  an  input  are  needed. 


To  arrive  at  a  crude  estimate  of  the  latter,  we  can  use  the  Information  on 
SCD  input  per  unit  of  output  given  In  Table  3.3.  To  aee  this,  first  note  that  246/ 

U3.2)  HQ?  -  *qp  +  e  •  S 

with  t,  the  price  elasticity  of  semiconductor  demand  per  unit  of  consumer  good. 

qP 

e  the  price  elasticity  of  demand  for  the  consumer  good;  S  the  cost 
share  of  semiconductor  Inputs  in  consumer  good  production. 

Since  S  is  quite  small  (See  Table  3.2;  it  never  exceeded  .06  in 

the  1972  Input/output  table),  to  a  close  approximation  we  can  ignore  the 

second  term  of  13.2  as  long  as  nqp  is  reasonably  large. 

To  estimate  nqp,  we  will  make  use  of  the  fact  that  cost  reductions 

In  semiconductors,  which  have  been  extremely  large,  have  almost  certainly 

swamped  all  other  relative  price  movements  affecting  semiconductor  usage. 

If  all  Input  prices  other  than  semiconductors  have  moved  roughly  proportionately 

to  output  price,  we  have 
(13.3)  nqp  -  dinq  /  din  (P/Px)  , 


lj|lnthe  natural  log,  _P_  the  price  of  semiconductor  input  relative  to 

Px 

output.  We  have  already  tabulated  data  on  q  In  Table  3.3.  If  we  obtain 
data  over  time  on  the  relative  price  of  semiconductors,  and  approximate  the 


differentials  in  13.3  by  the  first  difference  over  time  of  the  natural  logs 


of  q  and  £  ,  their  ratio  will  be  an  estimste  of  naT)«  This  is  done  in 
P 

x 

Table  13.1. 

Tne  estimated  per  unit  SC o  demand  elasticities  shou  a  ratner 
elastic  *ie..ianj/  with  estimates  of  about  -S.-i  for  computers/  an  i 
estimates  lr.  t.ie  nei^nuor'iool  oi  -2.5  for  various  ot.ier  types  ot 


electrical  equipment 


Since  aggregate  demand  elasticity  is  a 
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Table  13.1 


Estimated  Elasticity  of  Demand  for  Semiconductor 
Input  per  tbit  Electronic  Output 


Output  Price  Indie aa 
1972  -  100 

8ector  Px  1967 

Eat lasted  SCD  Demand  Elasticity 

n  (1967-1972) 

9P 

Computers  6  Calculators 

98.6 

-5.4 

Radio  &  T.V.  Receivers 

103.6 

-2.6 

Telephone  &  Telegraph  Equipment 

83.8 

-2.6 

Radio  6  T.V.  Communlcat ion 
Equipment 

83.1 

-2.5 

Semiconductors 

115.1 

MA 

1972  Sales  Value  Weighted 

Average,  4  Electronics  Sectors 

-3.5 

Source:  Seme  es  In  Table  3.3  calculation  of  demand  elasticities  described  In  text. 
Mo  correction  for  technological  advance  in  levels  of  integrated  circuit 
component  density  has  been  made. 


* 

* 

% 

\ 

\ 

% 


Tabl*  13.2 


Lower-Bound  Estimates*  Elasticity  of  Semiconductor  Demand 


Computers  &  Calculators  -1.6 
Radio  &  T.V.  Receivers  -1.2 
Telephone  &  Telegraph  Equipment  -1.4 
Radio  &  T.V.  Communication  Equipment  -1.4 

1972  Sales  Value — Weighted  Average*  -1.5 
4  Electronics  Sectors 


Source  and  Methods;  Same  as  In  Table  13.1*  as  described  In  text. 

The  1967-valued  Indices  of  IC  production  and  price  were  multiplied 
and  divided  by  4*  respectively*  and  used  to  recompute  the  ratios 
of  quantity  and  relative  price  changes. 


value-weighted  average  of  the  elasticity  of  demand  by  sector#  aggregate 
demand  elasticity  for  semiconductors  used  in  electronic  output  was 
about  -3.5.  We  have  not  done  the  elasticity  calculations  for  sectors 
other  than  electrical  equipment#  because  their  use  of  seaiconductors  is 
generally  in  electronic  equipment  used  as  internal  consumption#  and 
thus#  the  elasticities  so  calculated  would  also  reflect  the  elasticity 
of  demand  for  electronic  equipnent  which  contained  the  seaiconductor 
content* 

These  elasticity  estimates#  to  be  sure#  are  crude#  but  are 
probably  the  best  available*  243/  They  may  be  affected#  however#  by  a 
serious  negative  bias.  The  price  data  used  to  construct  Table  13*1  are 
based  on  U.  S.  Bureau  of  Labor  Statistics  wholesale  price  series  for 
various  types  of  semiconductors#  and  probably  accurately  reflect  price 
declines  in  existing  types  of  seaiconductors  over  the  1967-72  period* 
Around  1970#  however#  a  major  advance  in  IC  production  technology  was 
made.  The  number  of  circuit  elements  on  a  single  chip  was  increased 
about  four  times  for  most  computer  chips;  242/  this  technological  jump 
in  levels  of  circuit  integration  is  not  reflected  in  the  price  series 
for  existing  types  of  chips*  A  1972  IC  computer  memory  chip  was 
equivalent  to  four  1967-generation  computer  memory  IC's.  Other  types 
of  IC's  were  also  subsequently  produced  at  much  greater  levels  of 

complexity  using  the  same  technology. 

'  .  -y. 

.  Thus#  on  average#  a  1972  1C  performed  the  functions  of  several 
1967  ICs.  Since  IC's  rose  from  21  percent  of  the  value  of  US  SCO 

e  . 

ir  19C"  to  percent  of  the  value  of  U.S.  SCO  shipments  in 
i.LL/  if i’i'js  semiconductor  output  measure  must  significantly 
understate  tr.e  amount  of  1967-equivalent  output  produce  in  1972#  and 


the  price  index  must  overstate  the  cost  of  performing  1967-equivalent 

K-  f  * 

functions,  lhe  net  effect  will  be  to  overstate  the  magnitude  of  the 

.  \  'J  j.-  .•«  ^*4 

true  -price  elasticity  of  demand.  221/  V  ‘ 

»•  *#  ^ 

.  .  - 

*  lhe  elasticity  estiaates  of  Table  13.1  support  this  conjecture. 


The  sector  which  made  use  of  the  integrated  circuits  most  affected  by 


the  great  increase  in  component  density#  computers  and  calculators#  has 
an  estimated  elasticity  roughly  double  that  of  the  other  electronic 
equipment  sectors  whose  SCD  usage  of  relatively  more  discrete  devices# 
and  simple  lCs#  was  less  affected  by  the  technological  leap  forward. 
Since  13.1  effectively  places  an  upper  limit  on  the  magnitude  of  the 
price  elasticity  of  demand#  it  would  also  be  convenient  to  place  a 
lower  limit  on  that  elasticity. 

Tnis  is  done  in  Table  13.2  by  assuming  that  all  1972-generation 


lCs  performed  the  functions  of  h  1967-generation  ICs.  He  are 
implicitly  treating  the  demand  for  ICs  as  a  demand  for  the  electronic 


functions  performed  by  the  ICs#  so  that  one  1972  1C  and  four  1957  ICs 
would  be  perfect  substitutes  in  the  manufacture  of  an  item  of 


electronic  equipment.  222/ 

This  rather  radical  upward  revaluation  of  the  quantity  of 
1967-equivalent  ICs  produced  in  1972  almost  certainly  results  in  the 
elasticity  estimates  of  Table  13.2  lying  significantly  below  their  true 
magnitudes  since  most  ZCs  used  outside  of  the  computer  sector  were 
probably  much  less  affected  by  the  higher  chips  density  levels#  and 
even  within  the  computer  industry#  not  all  chips  quadrupled  in  density* 
Tnus,  the  tr u*  per  unit  price  elasticity  of  S CD  input  demand  probably 


i/.'.tt.  t:;  :r.  the  -i.i»  to  -3  range#  with  the  clustering  of  values 
-  Tarie  13.1  for  non-computer  uses  suggesting  the  midpoint  of  that 


range#  or  around  *2*3#  as  a  decent  point  estimate.  « 

Before  we  can  return  to  our  original  objective#  calculating  the 

relative  welfare  loss  that  would  be  suffered  if  offshore  asseably  were 

transferred  back  onshore#  as' given  in  (13.1)#  we  also  need  an  estiaate 

of  fV»  -  i  #  the  relative  price  Increase  to  users  of 

C0 

semiconductors  if  assembly  were  to  be  relocated.  This  cost  Increase 
depends#  in  turn#  on  two  key  parameters:  the  increase  in  asseably 
costs  onshore#  as  a  percent  of  total  manufacturing  cost  with  offshore 

assembly  (call  it  a  )#  and  total  manufacturing  cost  as  a  fraction  of 

« 

SCb  output  price#  with  offshore  asseably  (call  this  ratio  b  )• 

c,  I 

Then^L- 1 '  will  just  equal  ab#  if  the  absolute  difference  between  price 
Co 

and  manufacturing  cost  remains  roughly  constant.  253^ 

To  estiaate  how  much  more  costly  assembly  in  the  U.S.  would  be  is 
difficult#  since  only  fragmentary  information  is  available.  The  only 
real  datum  is  a  table  in  Finan  (1975)#  which  can  be  reworked  to 
estimate  the  cost  differential#  as  in  Table  13.3.  It  indicates  that  in 
spite  of  the  fact  that  labor  cost  increases  in  the  U.S.  raised  total 
manufacturing  cost  by  60  percent  of  its  Singapore  value#  substantial 
savings  in  material  costs  and  manufacturing  overhead  leave  the  net 
U.S.  cost  increase  at  about  one-third  of  Singapore  cost.  The  evidence 
reviewed  in  Section  9  on  manufacturing  costs  suggests  that#  since 
asseably  costs  have  shrunk  in  relative  importance  with  the  more 

advanced  complex  chips#  this  cost  differential  may  actually  have 

.  » 

declined  somewhat  by  the  late  1970s#  in  the  aggregate#  as  demand  for 
these  chip  types  soared. 


Table  13.3 


Cost  Breakdown,  Assembly  In  D.S.  and  Singapore 
D.S.  Semiconductor  Industry,  Early  1970s 


All  Values  Expressed  as  Percent  Total  Manufacturing  Cost 
with  Assembly  In  Singapore 


Coat: 


Assembly  In  Assembly  In 

U.S.  Singapore 


Increase  if  Assembled 
In  U.S. 


Manufactured  Overhead 

40 

50 

- 

•10 

Direct  Labor  Cost,  of  which 

80 

20 

Wafer  Fabrication 

12 

12 

Assembly 

68 

8 

460 

Materials 

13 

30 

-17 

TOTAL  COST 

133 

100 

+33 

Source:  Pin an  (1975),  P.  66.  To  rework  his  figures  Into  this  form,  we  used  the 
fact  that  the  abaolute  direct  labor  cost  In  wafer  fabrication  (which  was 
done  In  the  U.S.)  Is  constant,  whether  or  not  aseeably  takes  place  offshore. 
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The  other  critical  parameter/  manufacturing  cost  ms  a  fraction  of 
sales  price  was  also  estimated  by  Flnan  to  be  about  *65#  in  the  early 
1970s.  .  More  recently^  Dickens  (1979)  puts  the  ratio  at  about  .3  and  .4 
for' a  simple  and  complex  1C,  respectively/  in  the  late  1970s.  254/  To 
some  extent/  the  smaller  ratios  for  1979  may  reflect  demand  pressures 
on  prices  in  that  year;  they  may  also  reflect  the  greater  role  of 
research  and  development  costs  in  the  production  of  newer  and  more 
advanced  chips. 


If  we  take  t'inan's  estimates  of  .33  for  a  /  and  .65  for  b  /  as 


appropriate  to  tne  early  1970s/  the  cost  difference  as  a  percent  of 


sales  price  with  offshore  assembly/  .Ji. 


Cu  . 


z  was  about  21 


percent.  If  both  ratios  dropped  by  the  late  iV7C s,  say  to  .25  for  a  # 
(f  and  .40  for  b  /  as  lower  bounds/  the  increase  in  sales  price  would  not 


have  been  less  than  ten  percent.  Thus/  we  shall  hypothezise  that  in 

tne  early  197 dS/-*-  "  A  was  about  .2/  and  in  the  late  1973s/  somewhere 

co 

between  .1  and  .2. 


The  above  estimates  refer  to  cost  increases  per  unit  when  offshore 

production  is  transferred  back  to  the  U.S.  what  we  are  attempting  to 

measure  in  equation  (13.1)/  however/  is  what  the  aggregate  welfare 

effect  of  transferring  offshore  assembly  back  to  the  U.S.  is.  Since 

not  a^l  assembly  took  place  offshore/  however/  the  effect  on  the 

aggregate  price  level  for  semiconductors  will  be  a  weighted  average  of 

the  effect  on  offsnore  output  and  on  output  already  assembled  in  the 
’  \  *  ‘ 

U.S.  fel.e./  no  effect).  To  put  it  wore  precisely/  we  must  replace 

C  ,  “jr  . 

rr  m  1  in  (13.1)  within  -  1  with  r  I  referring  to  the  ayfiiafli  price 

Cc  1  *0  !  ro  r 

increase  per  SCD  after  the  transferring  back  of  offshore  production/  as 
e  fraction  of  mgazs  price  with  the  existing  use  of  offshore  assembly. 


Using  a  range  of  .1  to  .2  fore  ”  *v ' and  an  estinate  of  the. fraction  of 

to  1  ;  '  P 

output  assembled  offshore  of  70  percent/  the  implied  range  for  — -  -1/ 

"  "o 

the  average  price  increase  as  a  fraction  of  the  average  price  before 
relocating  offshore  production/  is  from  .07  to  *13*  25£/ 

Table  13. <*  performs  the  welfare  calculations  of  equation  (13.1)/ 
using  a  variety  of  parameter  values  over  the  plausible  range.  Taking  a 
price  elasticity  estimate  of  -2.3  as  our  preferred  choice/  the 
calculations  suggest  that  transferring  offshore  assembly  onshore  would 
be  rougnly  equivalent  to  a  windfall  loss  in  income  to  consumers  of 
about  eight  percent  of  the  value  of  their  SCD  consumption/  give  or  take 
perhaps  three  percent.  Since  U.S.  semiconductor  consumption  in  1979  is 
estimated  to  have  been  about  $5  billion/  2££/  this  translates  into  a 
loss  of  roughly  $490  million/  plus  or  minus  pernaps  $153  million.  This 
is  a  respectable  but  not  overwhelmingly  large  sum. 

Since/  implicitly/  we  have  assumed  protectionist  policies  to 
prevent  imports  from  displacing  U.S.  products  as  U.S.  prices  rise/  the 
calculations  of  welfare  loss  overestimate  the  loss  in  the  absence  of 
protectionist  policies.  Prices  for  semiconductor  output  would  then  be , 
on  average/  lower/  and  the  welfare  loss  smaller. 

These  calculations/  of  course/  ignore  the  costs  of  retraining  and 
relocating  workers  who  were  displaced  by  offshore  production/  as  well 
as  the  costs  of  any  unemployment  they  may  have  had.  While  they  may 
give  a  useful  approximation  to  the  costs  of  relocating  offshore 
assembly  to  the  U.S./  they  must  certainly  underestimate  the  costs  of 
the  original  movement  offshore  to  some  extent. 
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Table  13.4 


Value  of  Welfare  Loss  as  a  Percent  of  SCD  Consumption  with 
Transfer  of  Offshore  Assembly  to  U.S. 

Late  1970s 


h.  .1 

p 

o 

Parameter  Values 

T1 

qp 

Value  of  Welfare  Lobs  as  X 
of  SCD  Consumption 

.13 

-1.5 

12 

.13 

-2.3 

11 

.13 

-3.0 

10 

.07 

-1.5 

7 

.07 

-2.3 

6 

.07 

-3.0 

6 

Source:  Equation  (13.1) ;  see  text 
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The  export  of  labor-intensive  assembly  operations  to  offshore 
areas  has  had  vastly  different  effects  on  different  groups  within  the 
U.S.  semiconductor  labor  force.  In  this  section,  we  briefly  spell  out 
what  some  of  those  differences  have  been. 

Table  13.5  displays  basic  information  on  employment  in  the 
U.S.  industry.  The  first,  and  most  obvious,  feature  of  employment  is 
that  it  has  been  growing  quite  slowly,  relative  to  output.  Between 
1963  and  1976,  it  increased  about  2.3  times.  The  value  of  shipments, 
over  the  same  period,  increased  about  9.4  times;  since  prices  for 
semiconductors  were  declining,  real  growth  was  even  greater. 

Certainly,  some  large  part  of  the  divergence  in  growth  rates  must  be 
due  to  the  use  of  offshore  assembly  arrangements. 

Second,  recession  and  economic  slowdown  have  had  drastic  effects 
on  employment  in  the  U.S.  industry.  Employment  growth  rates  fell  off 
sharply  during  th  1966-67  economic  slowdown,  and  dropped  steeply  during 
and  after  the  1970  recession.  During  the  1974-75  recession,  employment 
in  the  U.S.  industry  fell  by  over  27  percent  in  1975  alone. 

Third,  the  U.S.  semiconductor  industry  is  top-heavy  witn 
non-production  employment.  In  1977,  the  average  for  all 
U.S.  manufacturing  was  about  2.6  production  workers  per  non-production 
employee,  and  about  1.9  production  workers  per  non-production  employee 
in  electrical  equipment;  the  corresponding  figure  for  the  SCO  sector 
was  1.3;  about  half  of  the  average  for  all  manufacturing.  Only  the 
ordinance  industry  (with  .8  production  workers  per  non-production 
employee)  fell  below  this  level.  25lU 
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Furthermore/  recession  seeas  to  have  been  a  catalyst  for  the 
restructuring  of  employment  in  the  U*S*  industry*  Permanent  declines 
in  the  ratio  of  production  workers  to  non-production  employees  occurred 
during  the  1970-71  and  1974-75  recessions/  with  the  new  and  lower 
ratios  of  production  employment  persisting  after  the  recession*  In  the 
aftermath  of  the  most  recent  recession/  that  of  1930/  worldwide 
semiconductor  employment  again  dropped  significantly/  with 
U.S.  employment  taking  the  brunt  of  the  cutbacks*  258/  Coupled  witn  the 
information  in  Section  6,  this  seems  to  indicate  that  major 
restructuring  of  the  industry  has  occurred  during  recessions/  with 
higher-cost  U.S.  assembly  operations  shut  down/  and  replaced  with 
offshore  assembly  plants  when  demand  again  picked  up. 

Little  pattern  is  evident  in  the  relation  of  hourly  wages  in 
semiconductors  to  the  wage  for  all  manufacturing*  The  SCO  wage  has 
generally  fluctuate!  between  80  and  9C  percent  of  the  manufacturing 
wage;  some  of  this  instability  may  reflect  shifts  in  the  sectoral 
pattern  of  manufacturing  employment  and  overtime* 

More  insight  into  the  impact  of  offshore  assembly  on  the  structure 
of  U*S*  semiconductor  employment  can  be  had  by  examining  more  detailed 
information  on  tne  structure  of  production  employment  in  census  years/ 
displayed  in  Table  13.6.  The  data  reveal  that  there  was  little  change 
in  the  structure  of  production  employment  until  the  period  from  1967  to 
1972*  Over  that  period/  however/  use  of  assembly  laborers/  per 
non-production  employee/  was  roughly  halved/  while  non-assembly 
production  employee  per  non-production  employee  increased  slightly* 

This  radical  shift  suggests  that  the  bulk  of  the  movement  toward 
offshore  assembly  took  place  over  the  1967-72  period.  Tne  slight 
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increase  in  other  types  of  production  employment  may  be  .due  to  the 

•  •>»•*  *•••*  «•*  .  • 

.  .  —  #  *■  .*  -r 

increasing  complexity  .  of  chip  fabrication  operations/  and  to  greater 
numbers  of  production  workers  required  to  handle  materials  handing, 
inspection,  and  testing  operations  servicing  offshore-assembled  output. 

Between  1972  and  1977,  relative  use  of  assembly  woncers  again 
dropped,  though  by  a  much  smaller  amount  than  was  the  case  over 
1967-1972.  This  is  consistent  with  the  continued  more  gradual 
expansion  of  the  role  of  offshore  assembly  in  production  for  the 
U.S.  marxet  noted  in  Section  6.  Kon-assembly  production  employment, 
per  non-production  employee,  remained  essentially  constant  over  this 
period. 

•hat  little  direct  information  exists  supports  the  view  that  the 
(f  transfer  of  U.S.  production  employment  offshore  coincided  with  major 
recessions.  Table  13.7  gives  a  breakdown  of  U.S.  and  worldwide 
production  employment  in  semiconductors  of  U.S.  integrated  circuit 
producers  over  the  1974-78  period.  Since  1C  makers  accounted  for  the 
bulk  of  U.S.  SCD  output  and  employment  over  this  period,  the  table 
probably  reflects  the  worldwide  distribution  of  employment  fairly 
accurately.  It  shows  a  marked  increase  in  the  relative  share  of 
foreign  SCD  employment  following  the  1974-75  recession;  it  also 
confirms  that  growth  in  foreign  employment  in  the  mid  to  late  1970s  was 
rather  gradual  compared  to  what  must  have  been  explosive  growth  in  the 
late  1960s  and  early  1970s. 

The  significance  of  the  transfer  of  production  employment  offshore 
during  and  r'*.*r  rtj^r  recessions  is  that  it  suggests  that  recessions 
ffiay  be  con;.....^,  j.trr.*wj  .o  foreign  enspl oyrsent  than  to  domestic 

U.S.  production  eropicyrcent.  Slackening  demand  may  lead  producers  to 
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close  their  least  profitable  operations#  which  are  probably  sore  often 

••  y.v 

than  not  in  the  U.S.#  with  its  Much  higher  costs  for  assembly  labor. 

*  '*  *  e 

4  Since  significant  variation  in  output  and  employment  over  the 

business  cycle  seeas  to  be  a  key  characteristic  of  the  semiconductor 

\ 

industry#  it  night  be  asked  what  effect  the  transfer  of  assembly 
operations  offshore  has  had  on  the  stability  of  eaployaent  within  the 
U.S.  industry.  To  examine  this  question#  the  deviations  of  production 
and  non-production  employment  from  their  trend  growth  over  the 
1963*1978  period  were  examined.  252/  The  results  are  plotted  in  Figure 
13. 2  . 

Over  the  1963-1978  period#  production  employment  grew  at  a  trend 
rate  of  3  percent  annually#  while  non-production  employment  grew  at  6 
percent  per  year.  As  can  be  seen  in  Figure  13.2#  deviations  of  actual 
employment  from  the  levels  predicted  by  this  average  growth  rate  were 
substantially  more  severe  for  production  employment.  The  movement 
toward  more  offshore  assembly#  however#  seems  to  have  had  little  or  no 
discernible  effect  on  the  instability  of  U.S.  production  employment# 
suggesting  that  assembly  employment  is  not#  or  is  only  slightly  more 
affected  by  business  cycle  fluctuations  than  other  types  of  production 
employment.  Prior  to  1968  or  so#  there  may  have  been  slightly  less 
fluctuation  in  production  employment  around  its  trend#  but  the 
difference  seems  slight  and  of  little  significance.  The  same  may  be 
said  of  non-production  employment. 

That  is  not  to  say#  of  course#  that  offshore  production  has  had  no 
effect  on  the  stability  of  U.S.  employment.  Since  the  use  of  offshore 
assembly  seems  to  have  been  associated  with  a  shift  toward  relatively 
more  U.S.  non-production  employment#  which  shows  less  variation  around 


L 


. 


its  trend/  the  changing  coaposltlon  of  U.S*  SCO  employment  served  to 

"  ' 

stablilize  total  U.S.  employment*  262/  ■- 

.  y.  n'i  . 

•  Before  ending  this  discussion/  it  is  useful  to  briefly  describe 

}  . 

the^characteristics  of  production  workers  in  the  U.S.  industry*  A 
Labor  Department  survey/  conducted  in  September  of  1977/  261/  found 
about  one-fifth  of  the  production  workers  were  unionized/  with  almost 
all  unionized  plants  in  the  Northeast  (defined  to  include  the 
mid-Atlantic  States)*  About  half  of  production  workers  in  the 
Northeast  were  unionized*  The  unionized  workers  held  a  61  percent  wage 
advantage  over  their  counterparts  in  unorganized  plants/  nationwide/ 
though  the  differential  drops  to  48  percent  when  only  Northeastern 
plants  are  examined/  and  31  percent  when  only  large  Northeastern  plants 
are  studied. 

Most  strikingly/  the  production  labor  force  in  semiconductors  is 
overwhelmingly  female*  As  Table  13.8  shows/  this  has  been  true 
historically/  since  at  least  the  early  1960s/  and  shows  little  prospect 
of  changing.  The  occupation  most  dominated  by  female  workers/  in  fact/ 
is  assembly/  where  over  90  percent  of  workers  are  women* 

The  preponderance  of  women  in  this  work  force  is  in  part 
attributable  to  an  employee  preference  for  women  workers  in  close 
tolerance  work/  262/  i«e*/  in  routine  and  monotonous  tasks  where  manual 
dexterity  is  required  and  great  physical  strength  is  not  particularly 
Useful*  It  may  also  be  related  to  generally  lower  wage  rates  paid  to 
women/  and  a  lesser  propensity  to  organize  in  unions*  Many  labor  force 
analysts  attribute  tne  high  labor  force  participation  rates  for  women 
areas  *itn  electronic  Industries  to  this  demand/  which  draws  into 
the  labor  force  «oaen  not  previously  a  formal  part  of  it.  261/ 


Tabic  13.8  Woman  as  percentage  of  All  Workers  In  tha  D.S.  Semiconductor 
Industry  by  Occupation 


Woman  as  Percentage  of  All  Workers 
by  Occupation 


1962 

1977 

Assemblers 

90-100 

92 

Inspectors  and  testers 

90-99 

88 

Processing  and  fabrication 

65-90 

HA 

Processing  only 

HA 

73 

Custodial  and  janitorial 

5 

14 

All  production  workers 

70-72 

71 

Source:  D.S.  Department  of  Labor,  Bureau  of  Labor  Statistics,  Bulletins 
2021  (April  1979),  1363  (October  1963). 
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»hatever  the  cause  of  the  predominance  of  female  workers/  it 
carries  with  it  the  implication  that  the  phenomenon  of  offshore 
assembly  nas  impost  1  relatively  mote  costs  on  female  workers/  as  the 
U.S.  assembly  work  force  contracted.  Female  workers/  as  noted 
elsevaere  in  t.iis  nook/  also  Seen  to  suffer  greater  taan  average  losses 
when  displaced.  Since/  in  many  cases/  it  appears  that  formal  female 
participation  in  the  labor  force  was  stimulated  by  an  employer 
preference/  tie  transfer  oi  assembly  to  foreign  locations  may  have 
“'OCPrjate  j  une.;ip  loymeut  among  women  workers/  and  i.;iposed  upon  the 
female  labor  pool  a  disproportionate  snare  or  the  costs  of  adjusting  to 
shirts  in  production  location. 


4 


4 


The  price  elasticity  estimates  constructed  earlier  in  this  section 
can  be  usea  to  assess  the  net  impact  on  employment  wituin  tne 
j.S.  iiiaustry  of  the  trend  to  oflshore  assembly.  The  net  effect  will 
reflect  a  balance  between  two  conflicting  forces.  3n  the  one  hand/ 
oftsuore  assembly  leads  to  a  decrease  in  tne  unit  requirements  for 
j.S.  labor  per  senicon iuctor .  Jn  the  other  h3nj/  a  decline  in  the 
price  or  semiconductors  leans  to  increased  lenanj  and  greater 
employment. 

/> e  start  by  relating  the  e]  isticity  or  3CD  demand  witn  respect  to 

o  (tne  traction  ot  output  assembled  oifshore)/n  /  to  the  nrice 

Qo 

elasticity  of  semiconductor  demand/  (nqp  )  i.Lh/ 


I 


(13.4) 
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where/  as  b«lora,p^  ”  XjLs  tha  average  percent  increase  in  the  price  of 
a  finished  semiconductor  to  he  expected  when  offshore  assembly  is 
entirely  relocated  back  in  the  (!•  S*  2LS/  '■>* 

*c-  Next/  note  that  production  employment  in  the  U.S./  »  can  be 

divided  into  non-assembly  employment  and  assembly  employment/  with 
labor  requirements  per  unit  of  assembled  output  of  ,  and  / 
respectively/  2&&/  so  that  (with  Q  total  unite  of  U.S.  output) 

C13.5)  -  C  1^  +  <l-e  )  iA  )  q 


and  its  elasticity  with  respect  to  a  change  in  o  /  the  fraction  of 
output  assembled  offshore  is  Just 


(13.6) 


Q  1.0 

where  - is  the  U.S.  assembly  employment  that  would  be  created  if  all 

Hi 

offshore  assembly  were  transferred  back  to  the  U.S./  as  a  fraction  of 
current  U.S. -semiconductor  production  employment. 

Substituting  (13.4)  into  (13.6)/  we  have 


(13.7) 


It  as  before/  we  work  under  the  assumption  that  perhaps  70  percent 


of  (US*  semiconductors  were  assembled  offshore  in  the  ‘late  1970s/  the 

•  **r~ 

roughly  29/COO  workers  shown  in  Table  13.6/  who  in  1977  worked  in 


assembly  occupations  in  the  U.S.  industry/  would  have  been  assembling 
perhaps  3C  percent  of  U.S.  output*  If  the  additional  70  percent  of 
output  were  brought  back  onshore/  then/  perhaps  another  68/000 
U.S.  semiconductor  assembly  jobs  would  have  been  created/  amounting  to 
roughly  106  percent  of  1977  U.S.  industry  production  employment.  If  we 
take  our  range  of  estimates  for  the  elasticity  of  demand/1**?  ,  Zftl/  to 
be  from  about  -1.5  to  -3/  as  before/  and  -E-l'to  be  from  about  .07  to 
•13/  as  in  Table  13.4/  we  produce  the  range  of  estimates  for  n^a  given 
in  Table  13.9,  from  about  -.7  to  -1.  There  can  be  little  doubt  that 
the  trend  toward  offshore  production  has  resulted  in  the  loss  of 
moderate  numbers  .  of  assembly  jobs  in  the  U.S.  industry/  with  a  1C 
percent  decline  in  the  percentage  of  output  assembled  offshore  (from  70 
to  63)  associated  with  the  creation  of  perhaps  4500  to  6400 
U«S«  assembly  jobs. 

As  before/  we  are  assuming  that  protectionist  policies  prevent 

foreign  imports  from  displacing  U.S.  product  as  U.S.  SCO  prices  rise. 

To  properly  take  into  account  these  displacement  effects/  we  would  need 

an  estimate  of  the  degree  to  which  foreign  imports  would  be  substituted 

for  U.S.  output  as  prices  rose/  which  would  be  very  difficult  to 
«  .  • 

obtain.  Since  the  relative  importance  of  assembly  costs/  and  price 

* 

increases/  in  output  price  are  fairly  smal*.,  however/  these  would 
probably  reduce  these  job  creation  estimates  by  a  small  amount.  Also/ 
we  have  not  considered  the  impact  of  price  increases  in  semiconductors 
on  other  industries.  Cheaper  semiconductors  displace  other  types  of 
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Table  Estimate*  of  the  Elasticity  of  U.S.  Semiconductor  Production  Employment 

vith  Respect  to  of,  Fraction  of  0. S.  Production  Assembled  Offshore. 


•• 


£2  -  1 

Po 

% 

\uo 

.13 

-1.5 

-.9 

.13 

-2.3 

-.8 

.13 

-3.0 

-.7 

.07 

-1.5 

-1.0 

.07 

-2.3 

-.9 

.07 

-3.0 

-.9 

Q*Ac* 

Sources:  Equation  (14.7),  with——"  1*06  assumed. 

Lu 


See  text 
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components  and  the  workers  who  produce  them,  and  used  as  Inputs  in  the 

.  4  ^ 

electronic  equipment  industry/  nay  reduce  labor  demand  iir'the  user 
industries  (if  the  elimination  of  the  need  to  wire  many  discrete 
components  into  equipment  in  lieu  of  a  single  integrated  circuit  more 
than  compensates  for  the  increase  in  demand  for  the  product  due  to 
input  costs  savings  passed  onto  the  consumer  as  lower  prices)/  and 
increases  demand  for  workers  in  industries  that  supply  the 
semiconductor  sector  with  inputs.  The  net  effects  are  hard  to  predict, 
but  may  be  relatively  small,  since  the  cost  savings  due  to  offshore 
assembly  are  fairly  small. 


% 

\ 


\ 
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Finally/  we  briefly  summarize  the  impact  of  offshore  production  on 
‘  '  Ti¬ 

the  O.S.  semiconductor  industry  balance  of  payments.  Table  13.10  gives 

some  estimated  totals/  decomposing  exports  and  imports  into  a  net 

mm.  < 

balance  on  trade  not  related  to  offshore  assembly/  and  an  item  (3) 
giving  the  net  balance  on  offshore  production-related  trade.  263/  While 
tne  60o/807  dutiable  value  figure  overestimates  the  net  drain  on 
foreign  exchange  due  to  the  offshore  production  arrangements  of  U.S. 
producers  (some  of  tne  dutiable  content  may  be  U.S.  materials  which  are 
materially  transformed  offshore/  or  otherwise  ineligible  for  duty-free 
reentry)/  it  is  clear  that  offshore  production  arrangements  have 
absorbed  an  increasing  large  portion  of  the  surplus  of  trade  in 
(  finished  goods. 

Inis  is  not  to  say,  of  course/  that  those  arrangements  have 
worsened  the  balance  of  payments.  It  may  well  be  that  by  cheapening 
U.S.  production  costs/  they  have  led  to  an  expansion  of  exports  and 
prevented  growth  in  foreign  imports.  While  a  quantitative  analysis  of 
this  question  is/  in  principle/  possible/  there  is  little  or  no 
information  available  on  the  price  elasticity  of  U.S.  semiconductor 
imports  and  exports/  in  the  presence  of  recently-arrived  Japanese 
competition  in  international  markets.  Also/  to  some  extent/  products 
in  which  the  U.S.  has  not  yet  faced  significant  international 
competition  might  be  vulnerable  to  such  competition  in  the  face  of 

r* 

price  increases. 
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This  section  has  been  concerned  tilth  tracing  out  the  affects  of 

•»  *  •  4  +  ' 

•J  '  •  i. 

U.S.-offshore  production  on  the  structure  of  the  U.S*  semiconductor 
industry*  After  examining  what  little  evidence  exists  on  price 
elasticities  and  cost  structures/  some  simple  calculations  revealed 
that  (assuming  protection  prevented  an’ influx  of  foreign  imports)  the 
relocation  of  u.S.  offshore  plants  back  to  the  United  States  would  have 
been  equivalent/  roughly  to  a  welfare  loss  on  the  order  of  magnitude  of 
perhaps  1C  percent  of  the  value  of  U*S*  consumption* 

These  calculations  ignore  the  social  costs  of  readjusting  and 
retraining  the  workers  displaced  when  the  offshore  move  first  occurred. 
Such  costs  may  have  been  substantial/  and  impacted  disproportionately 
on  relatively  low-income/  unskilled  women  in  the  U.S*  labor  force*  To 
some  extent/  tne  labor  force  participation  of  these  women  may  have  been 
the  direct  result  of  the  previous  employment  practices  of 
U.S.  electronic  firms.  On  the  other  hand/  there  is  some  evidence  that 
shifting  these  production  jobs  offshore  may  have  staoilized  employment 
in  the  U.S.  semiconductor  industry  as  a  whole/  since  non-production 
employment  is  less  affected  by  business-cycle  fluctuations* 

The  magnitude  of  these  employment  losses  has  been  subtantial/  with 
perhaps  on  the  order  of  five  to  six  thousand  jobs  associated  with  the 
repatriation  of  7  percent  of  U*S.  semiconductor  assembly  back  to  the 

ir» 

United  States.  On  the  other  hand/  these  calculations  assume  that 

* 

protectionist  policies  eliminate  the  danger  that  a  rise  in  U*S.  costs 
will  lead  to  loss  of  market  share  to  foreign  imports.  In  the  long  run/ 
very  little  in  the  way  of  employment  might  be  gained  witnout  offshore 
production/  if  the  Industry  remained  open  to  international  competition. 
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:  Finally/  a  cursory  examination  of  the  balance  of  payments  in  the 

U.S.  industry  showed  that  imports  of  offshore  value  added  substantially 

.  <  • 

reduced  what  otherwise  would  have  beeri  a  very  large  positive  balance  on 
finished  goods  exports  and  imports*  Again/  however/  the  cost  increases 
associated  with  U*S*  assembly  might  have  substantially  cut 
U*S*  producers'  domestic  market  share  (in  the  absence  of  protection)/ 
and  driven  the  balance  of  payments  into  the  red* 

We  conclude/  then/  that  on  balance/  offshore  production 
arrangements  have  indirectly  benefitted  the  U*S*  consumer*  Important 
numbers  of  wotkers/  however/  have  been  displaced  by  the  movement 
offshore/  and  unskilled  female  workers,  in  particular/  were  likely  to 
have  been  forced  to  suffer  the  costs  of  adjustment* 
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14#  Conclusions  -r-  .. 

r.  -  •  f  ■ -  * 

l  The  large-scale  migration  of  labor-intensive  production  operations 
to  offshore  locations  began  in  the  U.S.  semiconductor  industry  in  the 
early  1960s.  This  move  was  born  and  baptized  in  the  fires  of  Japanese 
competition/  beginning  life  as  an  essentially  defensive  response  to 
cheap  foreign  transistor  imports.  It  was  a  very  successful  strategy 
for  maintaining  U.S.  market  share  in  the  U.S.  market/  since  wages  in 
most  of  underdeveloped  Southeast  Asia  were  even  lower  than  wages  in 
Japan/  which  were  the  original  basis  for  Japanese  competitiveness  in 
the  international  semiconductor  market.  Japanese  success  in 
industrializing  their  economy  guaranteed  that  this  was  to  remain  an 
effective  strategy  for  dealing  with  the  low-wage  competition  to  the 
U.S.  industry/  as  Japanese  wages  moved  to  even  greater  levels  relative 
to  the  rest  of  Asia  through  the  late  1960s  and  1970s. 

•The  success  of  U.S.  SCD  firms  in  dealing  with  foreign  low-wage 
competition  through  the  use  of  offshore  production  arrangements  was 
imitated  by  the  European  electronics  firms  who  made  up  the  other  major 
force  in  the  international  electronics  market.  European  trade  policy/ 
however/  (unlike  U.S.  trade  policy  in  semiconductors)  veered  toward  a 
highly  protectionist  stand/  which  prevented  the  offshore  strategy  from 
being  a  terribly  effective  means  of  supplying  semiconductors  to  the 
European  market.  As  a  result/  European  and  American  plants  producing 
for  the  European  market  were  forced  to  site  most  of  their  assembly 
operations  within  the  European  tariff  walls.  The  exceptions  to  this 
rule  were  the  relatively  minor  amounts  of  assembled  semiconductors 

tied  entry  under  the  quotas  for  outward  processing  and  generalized 
preference  tariff-sparing  arrangements/  and  the  very  simplest  sorts  of 


\ devices/  whose  very  large  labor  content/  relative  to  the  total  value  of 

V  >  *  *' 

the  assembled  product/  made  it  economically  worthwhile  to  assemble 

v-  ; 

offshore  in  spite  of  high  tariffs*  When  the  Japanese  entered  the 
European  semiconductor  market  in  the  late  1970s  in  a  big  way/  they  too 
were  forced  by  the  economic  logic  of  high  tariffs  to  set  up  European 


plants  to  penetrate  the  market*^  Other  non-tariff  barriers  to  SCO 
imports  emphasized  the  need  to  set  up  European  plants* 

A  number  of  characteristics  of  semiconductor  production  were 


essential  to  the  success  of  the  offshore  strategy  in  the  U*S*  market* 
The  extremely  high  value-to-weight  ratio/  for  one  thing/  made  transport 


costs  a  negligible  cost  Of  producing  offshore;  in  fact/  insurance  costs 
probably  dominate  the  cost  of  international  semiconductor  flows*  The 


rapid  pace  of  technological  advance/  and  the  rapid  obsolescence  of 
existing  types  of  devices/  made  automation  (the  other  major  response  to 


competition  based  on  low-cost  foreign  labor)  an  unsuccessful  strategy* 
And  the  type  of  labor  preferred  by  employers  —  unskilled/  female 


workers/  often  participating  for  the  first  time  in  a  formal  way  in  the 
industrial  labor  force  —  was  in  ample  supply  in  the  cities  and 
villages  of  Southeast  Asia  and  Latin  America* 


This  strategy  was  not  the  only  reason/  however/  for  the  continued 

‘K  t 

U.S*  dominance  of  international  semiconductor  markets*  Heavy 
investment  in  research  and  development  by  U.S.  firms  continuously 


pushed  forward  the  technology  of  microelectronics*  The  introduction  of 
•  tar 


a  new^and  superior  types  of  devices/  and  the  receipt  of  the 
technological  rent  charged  by  the  few  firms  producing  that  device/  were 


ct  least  as  profitable  as  becoming  the  lowest  cost  manufacture*  of  an 


older  existing  device/  whose  technology  was  widely  diffused  and  whose 


aarket  was  therefore  much  aore  subject  to  competitive  price-cutting 

s'. 

pressures.  Many  U.S.  firms/  husbanding  their  scarce  managerial/ 
financial  and  technical  resources/  were  surely  correct  in  deciding  that 
investing  in  new  products  yielded  a  higher  return  than  investing  in 
low-cost  manufacturing  technology  for  older/  existing  product  types. 

This  situation  did  not  remain  static/  though.  In  the  early  1970s/ 
it  was  apparent  to  the  Japanese  semiconductor  industry  that  it  had 
serious  competitive  problems/  in  the  dubious  quality  and  reliability  of 
some  oi  their  products/  in  the  relatively  small  amounts  of  resources 
(essential  to  keeping  up  with  technological  advance)  Invested  in 
research  and  development/  ana  in  the  continued  advance  of  labor  costs 
in  the  Japanese  electronics  industry  relative  to  the  rest  of  the  world. 
The  Japanese/  who  had  since  the  late  1950s  made  development  of  their 
electronics  and  computer  industry  a  matter  of  explicit  national 
priority  (recognizing/  presumably/  that  the  social  return  to 
technological  investment  was  likely  to  far  exceed  the  private  return)/ 
proceeded  with  a  multi-faceted  program  designed  to  make  their 
semiconductor  industry  internationally  competitive  in  the  shortest 
possible  time. 

The  Japanese  program  methodically  analyzed  the  international 
aarket/  and  applied  resources  to  areas  where  it  was  possible  to  gain 
some  sort  of  competitive  advantage.  Often/  the  Japanese  solution 
exploited  the  particular  structure  and  strengths  of  their  industrial 
systea.  To  solve  the  problem  of  driving  the  Japanese  industry  to  the 
frontiers  of  technological  advance/  enormous  resources  were  puaped  into 
research  and  development/  financed  by  government  subsidy/  and  by 
guidance  of  substantial  amounts  of  nominally  private  capital  into  the 


industry  through  implicit  guarantee/  and  the  direct  supervision  of  the 

-  * 

loan  portfolios  of  finanacial  institutions.  The  Japanese  system  of 

'  9 

labor  relations/  guaranteeing  firms  an  essentially  strike-free 

* 

environment  in  return  for  assurances  of  lifetime  employment  for 
workers/  made  it  possible  for  firms  to  go  heavily  into  debt  to  finance 
these  investments.  The  labor  relations  system/  which  relied  on  a 
system  of  paternalistic  relations  between  employer  and  employee/ 
emphasizing  cooperation  and  interaction  between  managers  and  workers/ 
also  helped  the  Japanese  to  improve  the  quality  of  their  output  through 
the  widespread  use  of  so-called  'quality  circles.*  These  are  now  being 
imitated  in  widespread  experiments  throughout  the  U.S.  electronics 
industry. 

The  other  Japanese  response  to  the  quality  problem  was  to  automate 
all  stages  of  the  production  process/  including/  in  many  cases/ 
assembly  and  bonding  operations  that  were  largely  performed  offshore  by 
U.S.  firms.  The  trend  toward  automation  was  especially  significant  in 
the  area  of  integrated  circuits/  particularly  computer  memories/  where 
the  rapidly  growing  market  size  made  automation  economic  even  when 
product  life  was  relatively  short.  This  also  solved  the  problem  of 
rising  labor  costs  for  those  products  whose  market  was  sufficiently 
large  to  warrant  a  heavy  capital  investment  in  automated  machinery. 

For  less  advanced  products/  where  quality  was  not  so  important/ 

and  where  labor  cost  was  a  relatively  greater  portion  of  total  cost/ 

/  '  ♦  ;  • 

9  . 

the  Japanese  adopted  the  offshore  strategy/  especially  for  export  to 
foreign  markets.  Throughout  the  1970s/  offshore  production  of  simpler 
discrete  semiconductor  devices/  and  simple  integrated  circuits/ 
expanded  rapidly.  At  the  very  end  of  the  1970s/  especially/  Japanese 


use  of  offshore  assembly  plants  seems  to  have  Increased  markedly* 

The  siting  of  assembly  of  simpler  products  of fshore'  was  also 
consistent  with  the  realities  of  the  Japanese  labor  relations  system, 

*  ,  *  t 

and  rising  protectionist  sentiments  within  Europe  and  the  U*S*  Because 
labor  was  often  a  quasi-fixed  cost  to  Japanese  producers,  the 
operations  that  were  most  profitably  transferred  offshore  as  the  volume 
of  Japanese  semiconductor  output  increased  and  made  labor  requirements 
exceed  existing  employment,  were  those  in  products  which  were  most 
labor-intensive,  where  the  relative  cost  savings  to  be  obtained 
offsnore  was  greatest*  Increasingly  protectionist  attitudes  within  the 
U.S.  and  Europe,  where  national  producers  and  trade  policymakers  were 
especially  concerned  about  Japanese  competition  in  tne  most  advanced 
types  of  products  (where  a  strong  national  industry  was  important  for 
strategic  reasons,  and  for  reasons  of  technological  dynamism)  made  it 
politically  imperative  for  Japanese  exporters  to  begin  production 
operations  within  those  markets*  The  lesser  role  of  labor  cost  in  more 
complex  devices  provided  economic  reinforcement  to  tnat  decision* 

Also,  it  may  be  that  the  large  offshore  capital  investment  required  for 
the  assembly  of  complex,  high  quality  integrated  circuits,  would  have 
disturbed  the  broad  social  consensus  that  permitted  the  government  to 
funnel  large  amounts  of  capital,  public  and  private,  into  the  industry* 

,,  These  moves  by  the  Japanese,  to  some  extent,  caught  the 

JV 

U.S.  industry  off  guard.  For  one  thing,  U.S.  producers  (with  the 
exception  of  the  largest  producers,  including  ATT  and  IBM,  whose 
production  is  entirely  consumed  Internally)  were  late  in  recognizing 
that  quality  and  reliability  were  associated  with  significant  cost 
savings  in  tne  assembly  and  testing  of  the  increasingly  sophisticated 


electronic  equipment  using  semiconductor  components,  for  another 

’*  tv' 

thing/  the  historical  legacy  of  heavy  reliance  on  sales  to  the  military 

market  (which  no  longer  dominated  U.S.  consumption/  since  the  late 

...  .  * ?* 

1960s)  was  brute  force/  'burn  in/'  quality  control  techniques/  which 
were  far  less  economic  than  the  statistical  techniques  used  by  the 
Japanese.  Also/  capital  was  probably  relatively  more  expensive  to  the 
smaller  U.S.  firms/  making  highly  automated  assembly  methods  (and  the 
quality  increases  associated  with  them)  less  attractive  to  U.S.  firms. 

In  the  late  197Js/  however/  it  had  become  obvious  to 
U.S.  producers  that  they  would  have  to  respond  to  the  Japanese  quality 
Innovations  by  automating  their  assembly  operations.  As  a  result/ 

U.S.  offshore  operations  benefitted  from  heavy  investments  in  automated 
»quipment.  The  greater  capital  requirements  (and  reduced  importance  of 
labor  costs)  and  scale  of  efficient  plants/  however/  coupled  with  the 
political  risks  of  offshore  investment/  make  it  likely  that  an 
increasingly  large  fraction  of  output  destined  for  the  U.S.  market  will 
once  more  be  assembled  and  tested  within  the  U.S. 

Tne  effects  of  the  offshore  migration  of  operations  intensive  in 
the  use  of  unskilled  labor/  in  the  1960s  and  197Cs/  are  reflected  in 
the  changing  structure  of  the  U.S.  industry.  The  U.S.  Industry's 
employment  was  Increasingly  dominated  by  higher  skill  non-production 
occupations/  whose  lesser  susceptibility  to  the  viscissitudes  of  the 
business  cycle  probably  stabilized  overall  U.S.  employment  in  the 
industry/  to  some  extent.  On  the  other  hand/  the  costs  of  dislocation 
and  unemployment  that  were  imposed  on  the  U.S.  assemblers  who  were 
dis- : aztd,  were  felt  disproportionately  by  the  relatively  unskilled 
women  wno  make  up  the  bulk  of  the  industry's  production  work  force. 


This  social  cost  was  mitigated  by  a  gain  to  U.S.  consumers/  through 

lower  prices  of  goods  using  senlconductors  as  an  Input*  equivalent  to 

**'  •" .  ■" 

an  lncoae  Increase  of  perhaps  ten  percent  of  the  value  of  U.S.  SCO 

consumption*  a  not  Insignificant  amount.  These  calculations  assume 
prohibitive  tariffs  would  have  shut  off  competitive  imports;  in  the 
absence  of  such  tariff  increases*  competitive  imports  might  have 
reduced  U.S.  employment*  and  output*  even  more  than  the  movement 
offshore  (and  reduced  the  welfare  gain). 

The  impact  on  the  developing  countries*  where  the  assembly 
operations  were  located*  is  even  more  difficult  to  judge.  Because  of 
the  relatively  limited  amount  of  employment  generated*  in  relation  to  a 
rather  large  overall  labor  force*  these  offshore  operations  seem  to 
have  had  only  a  minor  impact  on  the  employment  and  unemployment  figures 
for  the  Asian  host  economies  (with  the  exception*  perhaps*  of  the  small 
island  economies  of  Singapore  and  Hong  Kong).  Also*  since  the 
predominantly  unskilled  and  female  labor  force  was  largely  drawn  from 
demographic  strata  with  little  prior  formal  labor  force  participation 
experience*  the  employment  created  could  have  had  but  little  impact  on 
existing  pools  of  unemployed  and  underemployed  workers.  There  also 
seem  to  have  been  few  linkages  created  to  locally-owned  input  supplier 
industries*  although  some  foreign  companies  have  set  up  limited 
operations  to  supply  semiconductor  assembly  plants  with  certain  inputs. 

'  On  the  other  hand*  offshore  assembly  operations  seem  to  have  made 
a  significant  contribution  to  the  foreign  exchange  position  of  the  host 
economies.  And  while  the  evidence  on  the  contribution  of  offshore 
assembly  to  the  transfer  of  useful  technology  to  the  host  economy  is 
negligible*  it  might  be  argued  that  the  transfer  of  more 


capital-intensive  testing  and  automated  functions  to  offshore  assembly 
sites  will  inevitably  lead  to  some  training  of  local  personnel  in  more 
skilled  technical  and  maintenance  occupations  (though  the  assembly  and 
testing  operations  themselves  probably  require  l£££  training  with  more 
mechanized  techniques).  Some  local  firms  in  Hong  Kong/  Taiwan/  and 
Korea  have/  in  fact/  started  up  completely  integrated  plants  to 
fabricate  and  assemble  simpler  types  of  semiconductors/  but  since  the 
design  and  engineering  skills  required  are  far  removed  from  what  an 
assembly  worker  or  plant  manager  are  required  to  understand/  it  is 
doubtful  that  this  trend  is  related  to  the  offshore  assembly  operations 
servicing  foreign-based  chip  production  (other  than/  perhaps/  through 
example). 

Offshore  assembly/  tnen/  began  as/  and  continues  to  be/  a 

competitive  response  to  low  cost  foreign  labor*  its  utility  as  a 

strategy  depends  on  the  importance  of  quality  (and  hence  the  need  for 

automation)/  and  the  economic  costs  of  the  major  alternative  to 

labor-intensive  assembly/  automation  (which  in  turn  hinge  on  the  scale 

of  output  and  the  costs  of  capital).  The  continued  existence  of 

differentiated  markets/  of  vastly  different  sizes/  for  different  types 
% 

and  qualities  of  semiconductor  devices/  suggests  tnat  offshore  assembly 

will  continue  to  be  an  important  feature  of  production  flows  in  the 

\ 

international  semiconductor  industry.  It  will  be  of  possibly 
\ 

Increasing  significance  to  the  Japanese  industry/  as  output  and  labor 

.  i 

costs  \ncrease  in  relative  terms/  and  of  possibly  diminished 
significance  in  the  U.S.  industry/  as  large  capital  Investments  in 
automated  machinery  lead  to  the  transfer  of  some  operations  back  to  the 
U.S.  Just  as  it  served  as  an  example  of  competitive  response  for  other 
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f  u.S.  Industries  beleaguered  by  foreign  competition  in  the  early  1960s/ 


it  aay  util  serve  as  an  augury  of  the  effects  of  increasing' autoaation 
in  0*S.  'industry  in  the  1980s. 
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Footnotes 


s» 

A#1*-  *- 


„>  _ Otherwise  known  as  microchips  or  microcircuits/  they  are 

silicon  chips  treated  with  metal  impurities  in  extremely -precise 
quantities  and  locations/  functioning  as  a  circuit  which  would 
otherwise  (with  older  technology)  have  contained  hundreds  or  even 
tnousands  of  discrete  components  wired  together.  The  discrete 
components  replaced  include  active  components  (tubes  and  other  SCDs) 
and  passive  components  (resistors/  capacitors/  etc.). 

2.  Inductors  are  the  most  important  electronic  device  that 
cannot  be  replicated  in  a  semiconductor  *  device.  See  Meindl  (1977). 

3.  A  complete  and  highly  entertaining  history  of  semiconductors 
may  be  found  in  Braun  and  MacDonald/  (1978). 

4.  Ibid*/  p.  79 

5.  Ibid* 

6.  Linvill  and  Hogan  (1977)/  p.  1109.  See  Tilton  (1971)/ 

P#  92“93  as  well.  Braun  and  MacDonald  (1978)/  p.  80/  report  that  the 
industry  in  1955  had  the  capacity  to  produce  15  million  transistors  a 
year/  compared  to  an  actual  output  of  3.6  million. 

7.  U.S.  Department  of  Commerce/  Office  of  Producer  Goods  (1979)/ 
p.  8;  Linvill  and  Hogan  (1977). 

8.  Linvill  and  Hogan  (1977)/  p.1108. 

...  «•  U.S.I.T.C.  (1979)/  p.  21. 

•>  -  -  ^  .y  «.| 

10.  Electronic  components/  computer/  photographic  equipment/ 
radio  and  television  sets/  and  telephone  and  telegraph  apparatus* 


'TV*:' 


1  • 
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16.  Scherer/  1975/  Appendix  Table  5.  3/  pp.  437-439. 

SCOs  Mere  worth/  on  average/  $30*40  per  pound.  The  runners-up  were 
radio  and  communications  equipment  ($12.  36).  radio  and  telegraph 
apparatus  ($12.  05)  computing  machines  ($7.  68)/  scientific  instruments 
($6.  30). 

17.  R.  Hoxon/  1974/  Appendix  1/  Table  D. 

18.  Cited  in  K.  Yoshihara/  (1978)/  p.  134.  Price  per  kilogram 
(in  yen)  was  10C  for  steel/  500  for  autos/  1/000  for  bearings/  3/000 
for  color  televisions/  10/P0C  for  cameras/  100/000  for  computers/  and 
200/000  for  integrated  circuits. 

19.  For  SCOs  in  general/  see  Rada  (1980)  p.  23;  for  ICs  the 
figure  is  calculated  from  Tables  A-21  and  A-36/ 

J « S «  I.  T.  C.  (November/  1979). 

20.  According  to  the  1977  Census  of  Manufactures. 

21.  See  A.  L.  Robinson/  "Are  VLSI  Microcircuits  Too  Hard  to 

Design?”  (July  11/  1930)/  p.  258;  I.  R.  Saddler/  “Can  VSLI 

Growth  Continue?”  HilitatY-tlaCtLaDiCS  (February  1983/  p.  98). 

22.  See  C.  Norman/  "Inraos  Enters  the  64K  RAM  Race/”  SclfiDGfi  (May 
8/1981). 

23.  See  EUiSiQ££S_«l££k/  (April  20/  19S1)/  pp.  44-49/  AsiaH-Mall 
SlI££l_d£UlD£l  (June  2/  1960)/  p.  15 

24.  fc.USiD£S&.ili££l£r  (July  21/  1980/  p.  189. 

25.  "Automated  Semiconductor  Line  Speeds  Custom  Chip 

•  > 

Production/”  £l££iLani£S/  (January  27/  1981). 


r  ink  rl'nn-',  p.  57. 


27.  Testimony  of  H.  D.  Samuel/  U.S.  Department  of  |.abor  before 

'  ' 

U.S.  Senate  Subcommittee  on  International  Finance/  Committee  on 

~  V / # 

Banking/  Housing/  and  Urban  Affairs/  April  4^  1979.  .> 

28.  See  the  Science  Policy  Research  Unit  studies. 

% 

29.  See  Tilton,  (1971),  p.  83?  bebbink,  (1977)/  p.  131. 

30.  See  U.S.  Dept,  of  Commerce/  Office  of  Producer  Goods 
(1979),  p.  54. 

31.  See  Tilton  (1971)/  p.  83?  Webbink  (1977)/  p.  57. 

32.  A.  McCue,  "U.S.  Firm's  Plan  to  Assemble  Semiconductors  on 
West  Coast  Could  Threaten  Asian  Producers,"  AsidaJiali-Silfifii-JflUinfll/ 
(June  23,  1980),  p.  16. 

33.  Webbink  (1977),  p.  57. 

34.  This  point  is  often  overlooked  in  the  current  debate  whether 
U.S.  or  Japanese  microchips  are  higher  quality  (have  lower  reject 
rates).  See,  for  example,  "Japai£  Makes  Them  Better,"  lhfi_£cttQtt:ni5i* 
(April  26,  1980),  p.  55-56.  See,  "U.S.  Reject  Rate  Still  Trails 
Japanese,"  Electronics.  November  6,  1980,  p.  46;  "U.S.  Makes  Raising 
Processor  wuality,"  ilfiClIflDiflfi/  (December  18,  I960),  p.  41. 

35.  Tilton,  1971,  p.  85.  These  ideas  on  learning  curves  were 
developed  in  the  late  1960s  by  the  Boston  Consulting  Group  (BCG),  a 
private  management  consulting  firm. 

36.  See  Finan  (1975),  PP.  21,68. 

c 

;v  37.  See  Finan,  1975,  Chapter  3,  for  a  more  complete  discussion 

S, 

cf  the  tecnnology,  and  its  various  economies.  ."•<  '■ 

:=•,  Jsra-c:?  rroducers,  on  the  other  hand  are  reported  to  have 
cl  ire  bonding  operations,  and  may  enjoy  scale 


economies. 


39.  Tape  automated  bonding  meets  VLSI  challenge#"  EltClEttOlCS# 

•  .  •  ~v*-  • 

(December  18#  19801.  “*  '  r* 

•  ;  s. 

40.  At  IBM  in  the  late  1970s  design  costs  were  about  $100  per 
logic  module  on  an  integrated  circuit.  A.  L.  Robinson#  "A  Giant 
Corporation  from  Tiny  Chips  Grow#**  ££leo££/  (May  2#  1980)#  p.  463. 

41.  These  ideas  on  cost  curves  are  taken  from' Robert  Noyce 
(1977). 

42.  Ibid. 

43.  See  Tilton  (1971). 

44.  It  is  made  in  Haggendorn  and  Broun  (1979)#  pp.  240-243. 

45.  See  Finan  (1975)  Chapter  4)  Kebbink  (1977)#  pp.  96-131;  and 
U.S.  Central  Intelligence  Agency#  (1979)#  pp.  6-8#  on  this  point. 

46.  Since  firms  cannot  pay  for  the  innovation#  and  charge  only 
marginal  production  cost#  ui'tnout  incurring  losses#  a  patent  or 
licensing  system  is  a  second-best  solution  to  the  problem  of  allocating 
resources  to  technical  innovation.  Even  achieving  such  a  second-best 
solution  may  not  be  possible  if  it  is  difficult  to  appropriate  an 
innovation#  as  seems  to  be  the  case  in  the  semiconductor  industry. 

Another  consequence  of  the  peculiar  economics  of  invention  is  that 
the  presumption  is  that  a  monopoly  may  have  less  incentive  to  make  a 
cost-saving  innovation  than  an  inventor  in  a  competitive  industry  (See 

Arrow#  1962). 

•  « 

v  The  existence  of  learning  and  scale  economies#  as  uell  as  the 
importance  of  major  investment  in  R&D#  may  explain  a  principle  feature 
of  growth  in  the  semi-conductor  industry.  On  the  one  hand#  as  Tilton 
first  noted#  small  firms  account  for  a  disproportionately  large  number 
of  innovations  CFinan  (1975#  Chapter  3-4)  also  has  useful  discussion  of 


this  point/  as  does  Webbink  (1977/  pp.  104-112)* 3 

'*  * 

On  the  other  hand/  an  Industry  "shake-out"  generally  occurs  later/ 

••  •>  - 

j  t 

•  V 

leaving  several  large  firms  producing  the  vast  bulk  of  a  specific 

•  *  • 

product  line)  little  firms  are  often  taken  over  by  larger  established 
firms/  or  end  up  becoming  large  firms/  as  such  scale  and  learning 
economies  come  into  play. 

(A  wave  of  mergers  and  acquisitions  in  the  late  1973s  suggest  such 
a  "shake-out"  was  then  occurring*  See  "Can  Semiconductors  Survive  Big 
Business?"/  3usiness-rieek:#  December  3/  1979*  The  picture  is 
complicated/  however/  by  a  growing  tendency  toward  vertical  integration 
with  large  users  of  semiconductors  guaranteeing  the  stability  of  their 
supply  through  tne  purchase  of  their  suppliers/  and  by  foreign  firms 
acquiring  technology  or  access  to  the  U*S.  market  through  the  purchase 
of  smaller  U.S*  firms.) 

Such  large  firms/  if  they  face  a  downward-sloping  demand/  and  some 
monopoly  power/  have  less  incentive  to  invest  in  a  given  invention  or 
improvement  than  smaller  marginal  producers  (or  individual  inventors). 
Inventors  who  pioneer  a  cost-cutting  device  or  process  are  able  to 
capture  the  entire  rent  of  a  monopolist  producing  with  tnat  process  or 
product/  while  an  existing  monopoly  reaps  only  that  incremental  portion 

i 

of  the^rent  which  exceeds  ‘the  rent  previously  earned  in  its 

\ 

pre-innovation  market. 

% 

This  is  necessarily  less  than  the  full  value  of  the 
post-innovation  rent  (See  Arrow/  1962).  Hence/  one  can  discern  an 
economic  rationale  for  the  SCD  Industry’s  apparent  pattern  of  small 
firms  Or  individuals  pioneering  a  new  invention/  growing  or  merging 
into  large  firms  whose  advantageous  scale  or  learning  economies  reduce 


competition/  establish  market  power*  and  eventually  repeat  the  cycle  as 
invention  again  becomes  more  profitable  for  outsiders  than  for  large 
established  firms. 

.  t  * 

47.  The  undervaluation  by  the  market  of  the  returns  to  Invention 
may  be  offset  by  pecuniary  economies  tnat  arise  as  the  assets  of 
innovating  firms  increase  in  value  at  the  expense  of  other  firms  in  the 
industry.  See  Dasgupta  and  Stiglitz*  (1979). 

**ti.  See  Finan  (1975)/  pp.  71-75;  U.S.  Department  of  Commerce* 
Office  of  Producer  Goods*  (1979)*  pp.  95-96;  U.S. International  Trade 
Commission  (1979)*  pp.  54-67.  These  policies  may  be  radically  altered 
by  the  outcome  of  the  Tokyo  Rounds. 

49.  Finan  (1975)*  p.  53. 

50.  See  Cooper  (1971)*  Baldwin  and  Murry  (1977). 

51.  EEC  (1979)*  p.  233. 

52.  EEC  Commission  Regulation  Mo.  14B/79  (1979). 

53.  UNCTAD  (1974)*  p.  134. 

54.  Cooper  (1971). 

55.  EEC  Council  Directive  76/119/EEC  of  18  December  1975. 

56.  Tnis  discussion  is  based  on  the  U.S.  Commerce  Department's 
Global  Market  Survey  (1979);  "Europe  Joins  Microchip  Race*"  H&M.XOEk 
Ijmes  (January  29*  1980)*  p.  Dl;  U.S.  I.  T.  C.  (1979)*  pp.  75-77;  and 
&i££lE&2li££  (March  13*  1980)*  pp.  81-87. 

57.  And  complain  the  Japanese  have  obstructed  the  establishment 
of  U.S.  subsidiaries  in  Japan.  See  U.S.  I.  T.  C.  (1979)*  pp.  59-60. 
Nevertheless*  a  number  of  major  American  producers  (American  Micro 

i evicts/  Fairchild*  Motorola*  and  Intel)  are  preparing  to  begin 
production  in  Japan.  See  A&l&Q-ii£ll-&i£fi£i.UfiUi:nal_M££i£ly*  (April  27* 


1981)/  p.  15. 


58.  In  1974  for  ICs;  1975  for  computer  parts.  See  Yoshihara 

(1978)/  p.  146>  GAO  (1979)/  p.  28.  '  ! 

59.  See  U.S.  Department  of  Commerce/  (2979)  in  the  Global  Market 
Survey  for  Japan. 

60.  According  to  Erich  Block/  of  IBM/  quoted  in  Slaciinnic 
£DfliDfifi£iDfl_li0£S  (May  25/  1981),  p.  89. 

61.  See  GAO/  (1979). 

62.  UNCTAD  (1974)/  p.  183. 

63.  Yamagawa  (1930)/  p.  7.  Figures  on  all  I.C  imports  are  based 
on  official  Ministry  of  Finance  Statistics  for  finished  l.C  imports. 

64.  See  U.S.  I.  T.  C.  (1978)/  Table  A-56. 

65.  See  Finan  (1975)/  p.  7b>  U.S.  Department  of  Commerce/  Office 
of  Producer  Economics  (1979)'/  p.  92. 


66.  lfcifl/  p.  96. 

67.  it  is  interesting  to  speculate  that  the  establishment  of 
silicon  wafer  production  facilities  by  Monsanto  and  Dow  in  Malaysia/ 
and  by  General  Instrument  in  Taiwan  (the  latter  diffuses  the  wafers  as 
well/  in  the  same  facility)/  represents  a  trend  toward  raising  national 
content  in  order  to  qualify  for  the  Japanese  and  European  GSP  systems/ 
or  perhaps  even  the  U.  S  .  system.  The  inclusion  of  SCO's  in  the  list 
of  items  eligible  for  the  U.S.  GSP  has  been  under  study/  and  discrete 
semiconductors  (but  not  IC's)  recently  (in  1962)  placed  on  the  list. 

See  Malaysia/  F.  1.  D.  A.  (1978)/  p.  27  and  Free^Chlna_Efiyifiw 
(February  1980)/  pp.  40-41  on  wafer  production;  QAS/  XtadfiJUttS' 
vol.  V/  No.  4/  p.  6/  on  the  U.S.  GSP  list. 


Texas  Instrument  is  also  reported  to  be  planning  to  produce  chips 

••  * 

in  Singapore/  starting  in  1983.  Asian_Hall-SiI£Bi-i2ftUMai-MBfiklX 
(February  16/  1981)/  p.  6.  ‘  7  -* 

i  •  »  - 

68.  Conversation  with  Japanese  embassy  officials/  Kay  1930.  See 
also  U.S.  1.  T.  C.  (1970)/  p.  32. 

69.  See/  for  example/  statement  of  U.  J.  Sanders  111  before 
Subcommittee  on  Trade/  House  Committee  on  Mays  and  Means/  Harch  24/ 
1976. 

70.  See  New, York  limes  (May  12/  1981)/  p.  01.  The  agreement  uas 
largely  the  result  of  pressure  by  the  U.S.  industry. 

71.  This  is  the  so-called  "BCG  type  analysis".  See  Abegglen  and 
Rapp  (1972)/  Hagendorn  and  Broun  (1979)/  pp.  240-3/  GAO  (1979)/  Chapter 
10. 

72.  To  quote  a  quasi-official  Japanese  source  LQttk_JaBBh#  (May 
10/  1961)/  p.  24.  The  "socioeconomic  state"  alluded  to  is  a  scarcity 
of  raw  materials/  energy  and  land/  and  an  abundance  of  skilled  labor. 

73.  See  Peckman  and  Kaizuka  (1976)/  on  the  Japanese  tax  system. 

The  Mil ler-rfodigliani  theorem/  stating  that  firms  are  indifferent 

between  debt  and  equity  finance/  only  holds  true  in  the  absence  of 
taxes  and  costly  bankruptcy.  Mith  the  most  common  sorts  of  tax 
structures  (1.  e.  /  interest  on  debt  deductible  from  taxable  corporate 
income/  and  roughly  comparable  personal  tax  rates  on  interest/ 
dividends/  and  capital  gains)  firms  ought  to  perfer  debt.  With 
uncertainty  and  the  possibility  of  costly  bankruptcy  (but  no  taxes)/ 
firms  ought  to  prefer  equity  (which  requires  no  fixed  service  and 
therefore  reduces  the  probability  of  bankruptcy) .With  both/  there  will 
be  an  optimal  financial  structure  using  both  debt  and  equity.  See 


Gordon  and  Malkiel  (1981)  for  an  excellent  exposition  .£f  these  issues. 

4  * 

74.  This  is  roughly  the  same  account  of  how  the  government 

*  •  '  ,4**-  •  • 

guides  capital  investment  as  can  be  found  in  the  GAO's  ’(1979)  report  on 

* 

U.S.  -Japan  Trade#  p.  185.  Many  of  the  same  points  are  made  in  Ackley 
and  Ishi  (1976)#  especially  pp.  203-205.  On  the  functioning  of  'window 
guidance'  by  the  Bank  of  Japan#  see  Suzuki  (1980)#  pp.  166-181. 

The  interpretation  of  great  amounts  of  debt  used  in  Japanese 
corporate  finance  as  tne  product  of  the  tax  structure  and  implicit 
government  guarantees  of  priority  investments  is  also  made  by  Abegglen 
and  Rapp  (1972)#  p.  35.  The  Japanese  system  of  labor 
relations  —  with  its  infrequent  use  of  strike  —also  serves  to 
reduce  the  risk  of  bankruptcy. 

Semiconductor  industry  leaders  have  focused  on  the  high  Japanese 
debt  to  assets  (or  equity)  ratio  as  symptomatic  of  the  competitive 
disadvantages  of  the  American  industry  in  its  access  to  capital  markets 
(See  Testimony  of  Robert  Noyce  and  John  tfelty  before  Subcommittee  on 
International  Finance  of  the  Senate  Committee  on  Banking#  Housing#  and 
Urban  Aifairs#  January  15#  1980).  Noyce#  for  example#  cites  figures 
showing  equity  as  22  and  86  percent  of  Japanese  and  U.S.  semiconductor 
companies'  assets#  respectively.  The  Japanese  figure  is  roughly  the 
same  as  in  all  Japanese  industry  in  the  aggregate#  while  the 
U.S.  Industry  uses  substantially  more  equity  than  U.S.  industry  in 
general.  Wallich  and  tfallich  (1972)#  p.  267  cite  figures  of  roughly  18 
and  51  percent  for  industry  in  general#  in  Japan  and  the  U.S.  in  1972; 

X  . 

Abegglen  and  Rapp  (1972)#  p.  34  cite  figures  of  21  and  56  percent 
equity  in  Japan  and  the  U.S.  in  1968. 
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75.  See  GAO  (1979)/  pp.  178-164.  V  _  _ _ - 

/  •  ri.  v 

76.  See  U.S.  Department  of  Commerce/  CpuQiry^Mjtfcgt^Smygy 


tlftclLflnic-Cttaaanfiiila-z-Jaaan  (1978)/  p.  8. 

77.  U.S.  CIA  (1979)/  p.  11.  The  program  was  funded  at  about 
$240  million  1976  U.S.  dollars.  See  also  U.S.  I.  T.  C.  (1979)/  p.  77. 

78.  GAO  (1979)/  pp.  179-184. 

79.  £usin£SS-Mfi£k/  (April  13/  1981)/  pp.  123-124.  The  VSLI 
research  program  reportedly  spent  $140  million  over  the  1976-79  period. 
A  new  cycle  of  MITI  semiconductor  research  is  just  getting  under  way. 
MIT  1  recently  asked  Parliament  to  approve  a  logic  circuit  research 
program  in  the  $100  million  range  £l££l£finllL.ii£Kas  (March  30/  1961). 

80.  See  Abbeglen  and  Rapp  (1972)/  p.  35;  Namiki  (1978)/  p.  128. 
The  influence  of  tnese  loans  is  viewed  by  some  as  overrated  or  no 
longer  of  great  importance.  See  Treszise  and  Suzuki  (1976)/ 

pp.  795-797;  Namiki  (1976)/  pp.  126-129. 

dl.  Treszize  and  Suzuki  (1976);  Table  11-4;  Japan  Development 


Bank  (1979). 

82.  Peck  and  Tamura  (1976)/  p.  552. 

83.  Peck  and  Tamura  (1976)/  p.  546. 

64.  U.S.  C.  I.  A.  (1979)/  pp.  6-8. 

85.  See  U.S.  Z.  T.  C.  (1979)/PP.  59-60. 

86.  Tilton  (1971)/  p.  147;  Peck  and  Tamura  (1976),  p.  552. 

87.  Actually/  a  provision  like  606.30  existed  before  1963.  See 

*  T*  ’  ‘ 

f'*  _ 

U.S.  I.  T.  C.  (1970)/  pp.  14-26.  Xt  is,  however/  wore  restrictive 

than  item  807.00. 

I 


88.  Data  refer  to  customs  value/  and  are  based  on  information 
found  in  U.S.  1.  T.  C.  (1980/  1979)  and  unpublished  U.S.  Department  of 
Commerce  tabulations. 

89.  U.S.  1.  T.  C.  (1979)/  Tables  6  and  8. 

90.  See  footnote  25. 

91.  U.S.  I.  T.  C.  (1978). 

92.  U.S.  1.  T.  C.  (1979)/  Table  A-40;  U.S.  CIA  (1979)/  pp.  6-9. 

93.  IBM  was  number  3  and  western  Electric  numoer  4  in  1972.  See 
U.S.  Department  of  Commerce  (1979)  p.  89.  Webbink  (1977)/  pp.  21-22/ 
"Europe  Joins  Microchip  Race/"  flew  Ygfk_Time$  (January  29/  1980). 

94.  U.S.  Department  of  Commerce  (1979)  Office  of  Producer  Goods/ 

p.  77. 

95.  Finan  (1975)/  Table  6-3. 

96.  U.S.  1.  T.  C.  (November  1979)/  p.  75. 

97.  See  Ibid/  p.  76;  J.  Streb/  "Technology  Transfer  from  the 
VHSIC  Program/"  iiililfliy_Ll£CiIflOiCS  (February/  1980). 

98.  Quoted  in  Braun  and  MacDonald  (1978)/  p.  142. 

99.  Business. frgefr*  (April  20/  1981)/  p.  39. 

100.  See  Chang  (1971)/  pp.  40-44. 

])101.  Stories  are  still  told  within  the  U.S.  semiconductor 
industry  describing  how  some  Japanese  producers  even  stuck  extra 
transistors  onto  their  circuit  boards/  often  with  no  actual  electrical 

connection  to  the  radio  circuit  (since  the  number  of  transistors  in  the 

♦ 

radio 4was  often  used  by  consumers  as  a  measure  of  quality). 
io2.  Tilton  (1971)/  pp.  75-76/  119. 
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*103.  See  section  4.  y' - - 

3r-  $ 

104.  Of  the  $144  million  in  Japanese  radio-import*/ ’ $116  million 

-  -  -  -  i*  • 

•  •  r  . 

were  transistor  radios.  U.S.  shipments  data  are  from  the'1972  U.S. 
Census  of  Manufactures/  U.S.  import  data  are  official  Department  of 
Commerce  foreign  trade  statistics. 

105.  Fairchild  in  particular/  set  up  first  in  Korea  and 
Singapore/  as  well  as  Hong  Kong.  See  Chang  (1971). 

106.  As  did  a  conversation  with  an  industry  representative  (in 
early  1930)/  uho  pointed  to  Sri  Lanka  as  the  next  area  of  industry 
interest.  Note  that  the  1971  and  1974  samples  differ  in  composition 
and  definition.  Also/  only  £UII£Ql  assembly  operations  are  considered. 

107.  The  Mexican  border  Industrialization  Program  and  the 
•(  Kaohsiung  Export  Processing  Zone. 

106.  They  might  have  a  positive  bias  if  foreign  producers  using 

a  minor  amount  of  U.S.  content  chose  to  export  with  306/807;  a  negative 

bias  if  U.S.  producers  chose  not  to  go  to  the  bureaucratic  trouble  of 

using  6o6/8C7  (costly  paperwork)  or  if  foreign  firms  off shore'exports 

to  the  U.S.  Had  no  U.S.  content.  Both  problems  are  probaoly  small. 

109.  According  to  the  U.S.  Tariff  Commission's  estimates/  all 

606.30  imports  from  the  LDC's  exporting  to  the  U.S.  in  that  year 

(Mexico/  Hong  Kong)  amounted  to  under  $300/000  in  1967.  In  1968/  if 

i  Taiwan/  Netherlands  Antilles/  and  Korea  are  added  to  that  list/  the 

possible  maximum  rises  to  $4.6  million.  That  figure  must  further  be 

reduced  by  any  806.30  imports  not  composed  of  semiconductors;  in  1969/ 

% 

i  in  the  aggregate/  on!*'  ten  percent  of  a  1  3  806#30  import?  ve re  SCD's. 

^  e  ^  <  •  C  •  (  a.  '*  .  •  •  .  t  c  a  . 


110.  The  figures  for  806/807  imports/  as  well  as  total  imports/ 

/  •  •” 

reflect  revisions  to  published  statistics*  Compare  them/  for  example/ 
to  US*I*T*C*  (1975)/  Appendix  tables;  U.S.  Department  of  Commerce 
(1979)/  pp.  60-62.  As  an  example  of  such  discrepancies/  the 
U.S.I.T.C.  (197C)  published  an  estimate  of  1969  6C6/807  SCD  imports 
equal  to  $126  million*  The  official  figure  published  for  all  SCD 
imports  was  $104  million  for  that  same  year  (see  Table  4*3)*  That  last 
figure  was  revised  upward  to  $111  million  by  Commerce  in  1979 
(U.S.  Department  of  Commerce/  Bureau  of  the  Census  (1979b)/  Table  3b)/ 
still  well  below  tne  U.S.I.T.C*  figure  of  $134  million.  The  net 
effect  of  accepting  the  unrevised  Commerce  Department  Statistics  would 
be  to  increase  the  proportion  of  imports  entering  under  836/807  prior 
to  1970. 

111.  see  103/  flauftLiuQiiifis-laL-lndufiiLial-lniififilaftnl-in-aaili/ 
1979/  pp.  37-38. 

112.  See  world  Ban*  (1978b)  pp.  23-24  on  Thailand.  Note  that 
while  the  Bataan  export  processing  zone  opened  its  doors  in  1973/  most 
foreign  electronics  assemblers  established  operations  outside  the  zone/ 
near  the  Manila  airport.  See  ’’Electronics  fever  hits  Philippine 
Zones/"  £liili2J2iDfi-CailX«  E*BI£SS/  November  02,  1979/  p.  22 

113.  See  Chang  (1971)/  pp.  34-38;Hoxon  (1974)/  pp.  45-47. 

114.  In  testimony  before  the  House  Subcommittee  on  Trade  on 

March  24/  1975/  David  Packard  (of  Hewett-Packard )  remarked  that  he  was 

concerned  about  our  long-term  exposure  in  Malaysia  and  wondered  whether 

we  (u-!  ?  could  solve  the  problem  by  automating  the  assembly  process  and 

.  .  .  r .  we  found  that  if  we  aad  to  do 

t:.»;  i  tr  •  .  ..  i  .  u  States  tr.e.  increased  costs  would  force  us  out 


of  this  particular  business**'  -  r 

»  *  V.* 

115.  The  conventional  manner  of  calculating  apparent  consumption 

TV 


-  taking  the  value  of  U.S.  industry  shipments/  adding  imports*  and 
subtracting  exports  —  would  double  -  count  many  U.S*  SCD  imports  and 
exports*  As  noted  before/  the  U*S.  shipments  estimates  made  by  the 
Bureau  of  the  Census  already  include  the  final  value  of  unfinished 
806/607  type  imports  when  the  value  of  U*S*  shipments  is  calculated* 
Similarly/  SCO  parts  exported  to  be  fabricated  into  SC6/607  imports/ 
are  actually  consumed  inside  the  U.S*  when  they  return  as  806/807 
imports.  Thus/  the  appropriate  way  to  calculate  U.S.  apparent 
consumption  is  to  take  U.S.  final  shipments/  add  the  value  of  imports 

filtfiX-lhaD  unfinished  806/807  imports/  and  subtract  the  value  of  U.S. 

% 

SCD  exports  ltfia  the  U.S.  content  of  unfinished  8C6/8C7  imports. 

116.  See  U.S.I.T.C.  '(1980)/  p.  11. 

117.  Prior  to  1930/  when  a  new  valuation  code  took  effect. 

116.  See  A.G.  Lebowitz*  ftem_8P7iCQ*  Handel  and  Grunfeld  Seminar 
notes/  Mandel  and  Grunfeld/  New  York/  November  1979. 

119.  Note  that  -  except  for  certain  special  tools  and  dies 
unigue  to  a  specific  product  -  depreciation  and  other  capital  costs 
ought  properly  be  considered  a  general  expense.  Also  note  that 
research/  development  and  design  costs  fall  into  a  grey  area  of  the 
law.  ilhen  directly  allocable  to  a  U.S.  made  component/  they  are  not 
considered  a  cost  of  fabrication.  When  numerous  production  stages  take 
place  inside  and  outside  of  the  U.S.  ,  before  a  finished  product 
emerges/  it  is  unclear  what  allocation  of  basic  technical/ 
administrative/  and  research  overhead  ought  be  made  to  be  various 
stages  of  production.  Does  the  silicon  chip  from  which  an  integrated 


circuit  is  assembled  overseas/  and  then  shipped  back  to  the  4).S.  tor 

testing  and  packing/  embody  the  research  cost  that  went  into  it  as  a 

•  «  * 

r  • 

chip#  prior  to  export/  as  an  assembled  I.C.  /  or  as  a  packaged  I.C. 
after  it  has  passed  electrical  tests  and  is  actually  ready  for  sale? 

As  might  be  imagined/  the  U.S.  Customs  Service  has  had  great 
difficulty  in  interpreting  this  statute.  An  informal  survey  of  Customs 
practice  at  various  ports  of  entry  along  the  U.S.-Mexican  border/  where 
a  great  deal  of  806/8^7  trade  enters  the  U.S./  in  early  1983/  disclosed 
a  great  deal  of  variation  in  actual  practice.  Some  import  specialists 
ask  for  actual  fabrication  cost/  general  expenses/  and  profit/  others 
make  elaborate  calculations  comparing  various  cost  ratios  among  the 
operations  they  are  responsible  tot,  in  an  effort  to  monitor  'usual* 
expenses  and  profit;  many  simply  accept  whatever  declaration  is  made 
with  minimal  scrutiny.  Often/  a  wide  variety  of  practices  is  followed 
within  a  single  port  of  entry. 

120.  See  Finan  (1975)/  Table  3-3. 

121.  U.S.  Department  of  Commerce/  Bureau  of  the  Census/  1977 

SUS-fil -ffldny  • 

122.  See  Dickens  (1980). 

123.  Additional  support  for  this  hypothesis  may  be  deduced  from 
data  published  by  the  U.S.  Tariff  Commission  in  its  1970  study  of 
offshore  imports.  (See  pp.  97-99/  126-128),  They  conducted  a  survey 
of  14  domestic  U.S.  SCD  establishments/  with  a  total  value  of 
shipments  of  $513  million  in  1969/  and  final  shipments  of  articles 
entered  under  806.3C  and  8C7.00  of  roughly  $21  million  and  $126 
million/  respectively,  yet  the  Tariff  Commission  reports  total  806/807 
imports  in  1969  to  be  about  $127  million/  well  under  the  $149  million 


in  806/807-based  sales  reported  by  these  14  firms  alone*  The 

r,*  - 

difference  can  logically  be  attributed  to  a  markup  on  806/807  import 
value  prior  to  final  sales.  The  Tariff  Commission  also  reported  that 
those  firms  shipped  about  $47  million  in  U.S.  components  to  806/807 
facilities  in  that  year/  or  roughly  32  percent  of  the  value  of 
shipments  of  articles  entered  under  the  offshore  assembly  tariff 
provisions.  If  we  attribute  the  entire  difference  between  that  32 
percent  U.S.  content  figure/  and  the  54  percent  U.S.  content  in  806/397 
SCD  Imports  in  the  official  trade  statistics/  to  a  mark  up  on  Import 
value  prior  to  final  sale/  an  84  percent  markup  on  declared  customs 
value  appears  to  have  been  the  norm  for  semiconductor  devices  entered 
under  806/807  in  1969. 

124.  To  make  this  argument  algebraically/ 
let  total  value  aided  in  U.S.  snipments  be  TVA; 
offshore  value  added  in  U.S.  shipments  be  OVA; 

U.S.  value  added  in  U.S.  shipments  be  UVA; 

value  added  of f shore/unit  assembled  offshore  be  V©g  ; 

total  value  added/unit  (onshore  and  offshore'  be  V4oi'  a  constant; 

units  assembled  offshore  w  » 

all  units  assembled  ) 


Then  TVA 
OVA 

and 


OVA  ♦  UVA  r 
V©flp  *  off 


OVA/TV  A  =  (  *off  /  \ot  1  ■  (''off'  W 
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If  OVA  is  not  directly  observable#  but  is  proportional. to  some 
index  1^  ,  with  constant  of  proportionality  It,  ue  have 


*off  I  -  <T,ot  1  W  •  (k  hit  1 


-  <Vtot  >  \ti>  •  (k  hit  I  mk  *  “off' 

-  (V.  .  /  V  .  (It  /  (1  +  (k'1)  Joff  >) 

tot  off  — - Z 

UVA  +  Io£f 


(Io££  /UVA  +  Io£f> 


!;  For  k  close  to  1  (our  measured  index  of  OVA  close  to  its  true  value), 
and  llw  /UVA  ♦  le(f  )  small- (a  small  proportion  of  value  is  added 
offshore),  we  have,  approximately. 


<vtot  f  W  •  k  «off  /0V*  +  W 


In  reality,  both  (  V  /  )  and  k  have  probably  changed  over  time. 

j  Vpff.  )  has  probably  increased  as  more  complex  devices,  with  a 
greater  portion  of  their  value  reflected  in  the  costs  of  designing  and 
producing  a  functioning  chip,  have  been  introduced,  and  assembly  costs 
reduced  as  a  proportion  of  total  cost.  On  the  other  hand.  Increased 


:  e  s  t  i  r  •- 


s.'-rre  cay  have  counteracted  this  trend,  to  some  extent. 


sir.ce  would  increase  relative  to  /  ££i£tiS-BSti.UU5« 
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Since  our  measure  of  1^  is  dutiable  606/807  value/  which  includes 
some  dutiable  U.S.  materials/  Jc  must  be  less  than  1.  As  the  unfinished 

:  ;  r.  ;  .  ■ 

chip  came  to  be  a  greater  and  greater  proportion  of  the  value  of  U.S. 
materials  used  (and  was  the  main  item  admitted  duty-free)  with 
increasing  chip  complexity/  k  must  have  been  increasingly  closer  to  1 


as  the  years  passed. 

Since/  therefore/  both  k  and 


«t« '  W 


probably 


increased  over  time/  the  index  we  are 
calculating  (i  f  /ova  +  *off* 

of  offshore  value  added  probably  UQd££Slal£S  the  true  increase  in 
offshore  operations. 

125.  See  the  last  footnote. 

126.  This  is  because  materials  (like  wire/  packages/  epoxy/ 
etc.)  which  are  materially  altered  or  transformed  during  the  assembly 
process  are  dutiable  as  is  the  value  of  any  assistance  supplied  by  the 
U.S.  parent.  Actual  cost  data  from  customs  records  of  806/607  assembly 
operations  for  integrated  circuits  graphically  make  this  point: 


Producer  ho.  1 
Malaysia 

1973  1974  1975 


Producer  No.  2 
1976 

Mexico  Mexico  Malaysia  South 
Border  Interior  Korea 


EfllfllSO-JiEfiialiM 

&&&£0&£ 

(includes  Labor  and 

Overhead)  *  . 

as  %  of  Total  .  -  33  33  \  29 

Reported  20  8  7  li  — 

C  os  t 

I  ' 

as  X  of  Dutiable 

29  17  18  87  67  63 

The  data  for  the  Malaysian  operation/  for  1973/  probably  reflects 


63 


extraordinary  start-up  costs.  There  obviously  appears  to.be  / 

V  '  *■* 

substantial  variation  from  producer  to  producer. 

•* 

The  information  was  supplied  by  the  Regulatory  Audit  Oivision  of 

» - 

the  O.S.  customs  Service. 

127.  Also/  Customs  court  decisions  have  substantially 
liberalized  the  definition  of  what  sorts  of  operations  are  permlssible.s 
on  U.S.  materials  that  can  subsequently  re-enter  the  U.S.  duty-free,  tj 
See  Lebowilz  (1979). 

123.  See  references  in  footnote  24. 

129.  Ikid. 

130.  1  he  1TC  (1979/  p.  6)  noted  this  trend.  The  Office  of  V 

Producer  Economics/  Department  of  Commerce  (1979/  p.  64)  thinks  that 
the  increasingly  costly  and  capital-intensive  nature  of  the  testing 
process  for  I.C.'s  has  led  to  a  shift  in  testing  facilities  back  to  thrf 
United  States/  to  take  advantage  of  economies  of  scale  in  centralized  ji 
facilities.  The  additional  riskiness  perceived  in  placing  more 
expensive  equipment  in  foreign  locations  may  also  explain  some  part  of  ! 
this  snift.  i 

In  the  early  197C*S/  however/  most  testing  of  U.S.  devices  e 

intended  for  the  U.S.  market  probably  was  sited  in  the  U.S.  See  Finan  i 
(197a)/  pp.  18-19. 

131.  According  to  the  U.S.  Department  of  Commerce/  CttUQtEk  1 

Mfllkfii-SuikfiiLSlfifiiJLflflic.CflfflBflOfialS/  "Hong  Kong/"  (Washington/  1978)/  . 

some  75  to  95  percent  of  Hong  Kong  output  returned  to  the  U.S./  where  . 
most  testing  was  done.  At  that  time/  the  vast  bulk  of  output  in  Hong  * 
Kong  was  produced  by  U.S.  multinationals. 


132.  It  is  not  known  how  European  production  statistics  account 

*  t  m 

for  offshore  production. 

133.  See  The  Consulting  Group/  BA  Asia/  (1979)/  p.  109. 

134.  Calculated  from  MITI  and  MQF  data/  as  reported  in  The 
Consulting  Group,  BA  Asia  Limited,  Thp_Jaoane5£_$eiiC9P3uctoy 

ladu&lcxi _ &aJ}X£I.xi£kL/  (‘long  Kong,  1979),  p.  137.  Original  yen 

figures  have  been  converted  to  dollars  at  274  yen/dollar. 

135.  See  dU£ia£SS«.i££*/  (October  6,  1980),  p.  47. 

136.  U.  S.  1.  T.  C.  ,  (November  1979),  p.  44. 

137.  A£i£O.Alll-£lL££l^2£ULQdl/  (March  14/  1961),  p.  3;  also  &£H 
Xfllk-lilD£5/  (June  27,  1961),  p.  0-1. 

136.  See  Yoshihara  (1978),  Table  A8. 

139.  See  Yoshihara  (1976),  Table  A8. 

140.  Korea  and  Taiwan,  from  the  viewpoint  of  a  Japanese 
investor,  offer  many  of  tr»e  same  advantages  that  Mexico  offers  to  a 
U.  S.  investor.  They  are  quite  close  (Korea  is  a  one  hour  ferry  boat 
ride  from  Western  Japan),  have  much  lower  wages,  and  have  a  long 
history  of  political,  cultural,  linguistic,  and  ethnic  ties  to  Japan. 

141.  Yoshihara  (1978),  p.  161. 

142.  It  is  also  interesting  to  note  large  volumes  of  parts 
exports  from  Malaysia  to  Hong  Kong  and  Singapore,  confirming  the 
Impressionistic  evidence  that  more  complex  operations  are  being  set  up 
in  Hong  Kong  and  Singapore  with  increasing  frequency. 

143.  See  Section  5. 

144.  According  to  EEC  (Eurostat)  1978  statistics,  semiconductors 
accounted  for  roughly  15.6  million  European  units  of  account  out  of  a 
grand  total  of  18.6  million  EEC  units  of  account  imported  from  the 


Pnilippines  in  N1MEXS  section  85  (electronic  goods)/  in  1978* 

According  to  Berthomieu  and  Hanaut  (1980)/  outward  processing  imports 
from  the  Philippines  in  NIMEXE  85  in  1978  amounted  to  12*9  million 
units  of  account. 

145.  In  1978/  U.S.-based  manufacturers  were  thought  to  have 
produced  about  58  percent  of  the  value  of  European  consumption/  and  78 
percent  of  IC  consumption/  through  European  affiliate  production  and 
U.S.  exports.  In  1979/  those  percentages  were  thought  to  have  been  52 
and  63/  respectively. 

Increases  in  Japanese  market  share  accounted  for  most  of  the 
decline.  In  1979/  the  Japanese  produced  about  3  percent  of  European 
semiconductor  consumption/  and  perhaps  6  percent  of  IC's.  (See  Office 
of  Producer  Economics/  U.S.  Dept,  of  Commerce/  (1979)/  p.  90;  EfiiiliDfi 
(July  28/  1980)/  p.  8C). 

146.  The  Japanese  have  recently  been  investing  heavily  in 

European  production  facilities  within  the  Common  Market  tariff  walls. 
See  October  6/  1980)/  p.  47. 

147.  VLSI  stands  for  He ry  Large  Scale  Integration  (see  section 

3). 

148.  See  £l££l£fiai££  (dune  2/  1931)/  p.  116. 

149.  The  VHSIC  program  (Eery  High  Speed  Integrated  Circuit)  is 

expected  to  advance  the  basic  technology  of  ICs  two  to  three  years 
beyond  what  otherwise  would  be  achieved.  See  Llficicftoics  (June  16/ 
1981)/  p.  39.  ' 

% 

150.  Both  NTT  and  Bell  do  not  compete  with  private  SCD 
producers/  and  have  no  particular  interest  in  obstructing  the  diffusion 
of  technology.  NTT  does  not  produce  circuits/  and  Bell's  Western 


Electric  Manufacturing  subsidiary  produces  only  for  Internal  ATT  use* 

151.  See  U.S.  Department  of  Commerce/  Countrv__Market_Survev  - 

(1973)/  for  a  contemporary  diagnosis  of 

these  difficulties. 

152.  See  Elfi£iifiDi£5  (June  2/  1981)/  p.  117;  £aLiUQ£  (July  28/ 

1 960 ) /  p .  80. 

153.  for  evidence  on  the  lag  by  U.S.  SCD  merchants  in  defect 
rates  on  memory  chips/  see  Thg-Econoiplsl  (April  26/  1980/  pp.  55-56; 
£l££lI£Qi£.LD2iQ£££iQ£.lia£2  (March  2/  1981)/  p.  2)  ilfiClLaaiCS 
(November  6/  1*30)/  p.  46/  (Kay  19/  l9bl)/  pp.  141-148. 

U.S.  quality  levels  are  apparently  about  the  same  as  the  Japanese 
in  microprocessors/  where  the  U.S.  still  had  a  technological  lead.  See 
&l££lE£Xli£2  (December  IS/  1930)/  p.  41. 

lo4.  See  tl££i££Di£2  (May  19/  1981)/  pp.  125-198. 

155.  we  shall  use  the  word  quality  to  means  both  "quality"  and 
"reiiaDility."  Technically/  quality  is  measured  by  the  portion  of  a 
batch  conforming  to  the  established  electrical  specif ications  of  the 
product/  and  reliability  by  the  rate  at  which  devices'  performance 
fails  to  meet  these  specifications  over  time  in  use. 

156.  A  manager  for  quality  control  for  GE's  Television  Business 
division  put  it  this  way: 

~  He  try  to  get  our  engineering  to  design  in  the 

•*”  -  Japanese  devices  where  we  can/  because  from  a  - 

* 

•  “  * 

manufacturing  standpoint/  it's  a  lot  cheaper  ... 

ie're  13C*  testing  then,  (U.S.  and  European 

components)/  and  in  some  cases  we're  also  paying 
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lor  high-reliability  testing, 
any  Japanese  device* 


He  don't  1001  test 


y 


£l&£lIfiDi  SS  (May  19/  1981)/  p.  143. 


157.  According  to  the  1977  £fiIlSUS-fll-liaauia£iUIftS 


156.  According  to  the  CIA  (1979)/  p.  2. 


159.  This  was  also  true  for  two  of  the  largest 


U.S.  semiconductor  producers/  IBM  and  Western  Electric/  which  supply 
all  of  their  output  to  other  divisions  of  their  own  company.  Both  do 
all  of  their  production  (including  assembly)  for  the  U.S.  market  in  the 
U.S./  and  by  all  accounts  are  even  more  advanced  than  the  Japanese  in 


terms  of  quality  levels  and  automation. 

160.  This  can  be  seen  by  examining  the  return  to  capital 
investment.  Pechman  and  Kaizuka  (1976/  p.  344)  point  to  a  study  which 
had  shown  the  average  gross  rate  of  return  on  all  assets  to  be  about 
tne  same  in  Japan  and  the  U.S.  Effective  tax  rates  are  also  roughly 


similar. 

On  the  other  hand/  calculations  by  Rober  Noyce  (presented  at  a 
Hearing  before  the  Subcommittee  on  International  Finance  of  the  Senate 
Committee  on  Ranking/  Housing/  and  Urban  Affairs/  January  15/  1930) 
show  Japanese  firms  with  a  debt/asset  ratio  about  five  times  greater 

than  U.S.  firms  and  an  after  tax  return  on  equity  about  twice  that  of 

\ 

U.S.  liras.  Assuming  similar  tax  rates,  for  the  gross  return  on  assets 
% 

to  have  been  the  same,  the  average  interest  rate  paid  on  debt  would 
have  iiad  to  have  been  about  substantially  lower  than'the  U.S.  interest 


rate. 


.is  is  likely,  but  also  su^:,f.stc 


rate  cl 


return  or.  assets  in  SCD's  in  Japan  than  in  the  U.S./  which  in  turn 


suggests  the  availability  of  cheap  capital  to  Japanese  fires* 

e  .  .. 

161*  It  is  claimed  that  half  of  Japanese  process  equipment  comes 
from  the  U.S.  See  £l££i£anic.LQflin££LiQa_IiafcS  (April  27,  1981),  p.  2) 
H&HJLUJl-lln&S  (June  3,  1981),  p.  04. 

162.  See  SlfiClLflOlCS,  (July  14,  1981),  PP.  89-90* 

163.  These  "quality  circles"  are  now  being  experimented  with  at 
many  U.S.  firms.  See  Lifictianics  (Hay  19,  1981),  p.  125,  (April  21, 
1980),  pp.  106-108. 

164.  The  stress  on  labor  relations  and  the  "human  factor"  in 
Japanese  methods  is  quite  remarkable.  For  example,  NEC's 

U.S.  affiliate,  unlike  some  U.S.  firms,  uses  a  "clean  room"  for 
assembly  operations,  not  only  for  controlling  defects,  but  also  because 
they  claim  "the  sterile  environment  helps  instill  assembly  workers  with 
a  sense  of  care."  (Electronics  EJune  2,  19813,  p*  38).  The  results  are 
also,  apparently,  transferable. 

Hewlett-°ackard,  after  discovering  that  its  Japanese  plant  was 
getting  quality  levels  five  times  higher  than  the  average  of  all  HP 
plants,  studied  its  operation  and  made  major  improvements  in  its  other 
plants.  See  (May  25,  1981),  p.  15. 

In  another  famous  experience,  retail  failure  rates  dropped 
dramatically  when  U.S.  color  television  plants  were  purchased  and 
reorganized  by  Japanese  firms.  See  GAO  (1979),  pp.  96-97* 

A  Japanese  electronics  firm  in  California,  much  to  the  dismay  of 
Its  non-union  U.S.  neighbors,  recently  agreed  to  bargain  with  a  union. 
(&l££l£&Ql£5  CAprll  7,  19813,  p.  41). 


165.  IBM  and  Bell's  Western  Electric  subsidiary/  which  do  not 

* 

sell  their  product  on  the  open  market/  adopted  similar  innovations 
before  the  Japanese/  it  should  be  noted. 

166.  See  U.S.  1TC  (November/  1979)/  p.  133*34/  for  a  description 
of  some  of  these  tax  arrangements. 

167.  See  Japan  Electrical  Machinery  Industry  Association  (1980/ 
in  Japanese)/  p.  33.  These  *'offshoreM  Asian  countries  are  Korea/ 
Taiwan/  hong  Kong/  Thailand/  Singapore/  Malaysia/  The  Philipppines/  and 
Indonesia. 

168.  See  U.S.  Department  of  Commerce/  U4Si-  HilfiCl-lDltfiSilDfini 
aDf Qflfl"-197?  (Washington/  1981)/  p.  149.  Developing  Asia  and  the 
Pasific  is  defined  as  all  of  Asia  and  the  Pacific  less  Japan/ 

Australia/  and  New  Zealand. 

169.  It  is/  of  course/  possible  that  Japanese  firms/  by  virtue 
of  the  small  military  power  projected  by  Japan/  face  flitaifiE  political 
risks  than  b.3.  firms. 

170.  See  Asi£fl-i£ll-SlI£fil-J£Utaal  (June  23/  19e0)/  p.  16. 

A  crucial  difference  between  U.S.  and  Japanese  producers  doing 
cost  comparisons  is  that  Japanese-made  chips  are  charged  duty  when 
entering  the  U.S.  wnlle  U.S.-made  chips  entering  under  the  806/807 
tariff  provisions  are  not. 

171.  See  Aaiaa-Kall-StL££L-»laiJIOal  article  cited  above; 

a  ■ 

lilts  (June  27/  1981)/  and  the  analysis  of  the  last  section. 

172.  Japanese  auto  exporters'  success  was  recently  met  with 

,  \ .  ■ 

import  quotas.  Import  quotas  on  Japanese  color  T.V.  sets  were 
successfully  bypassed  by  Japanese  producers  who  set  up  operations  in 
the  U.S.  to  assemble  color  T.V.  sets  wi'"  subassemblies  and  components 


imported  from  Japan.  U.S.  trade  authorities  found  this  to  be  an 

j»  .  * 

acceptable  way  for  Japanese  producers  to  expand  T.V.  tales  in  the  u.S. 

-  *  V  • 

See  U.S.  1TC  (May  1,  1980). 

173.  See  Japan  Electrical  Machinery  Industry  Association/  (1980/ 
in  Japanese)/  pp.  249-261. 

174.  See  U.  S.  1.  T.  C.  (September  1970)/  pp.  21-22. 

175.  See  Lebowitz  (1979)/  p.  15. 

176.  See  U.  S.  I.  T.  C.  (July  1976)/  p.  44. 

177.  See  U.  S.  I.  T.  C.  (January  1980)/  pp.  38-39. 

176.  i.  e.  /  £  '*  cost  of  foreign  assembly/cost  of  domestic 

assembly  m  =  cost  of  a  fabricated  chip/cost  of  domestic  assembly. 

Since  the  overall  cost  difference  between  domestic  and  foreign  assembly 
is 


cost  of  domestic  assembly-cost  of  foreign 
assembly-tariff  and  transport  cost 


»  Q,  -  ft  -  (t  ♦  4  )  (»  ♦  tfj  .  coat  of  domestic  assembly. 


179.  The  U.  S.  Tariff  Commission  (September  1970)  in  its  survey 
of  the  effects  of  806/807/  came  to  a  similar  conclusion/  but  only 
calculated  duty-savings  as  a  percent  of  total  duty-paid  value/  in 

i 

drawing  its  conclusion  for  all  sorts  of  products.  A  complete  analysis 

4  : 

would  also  require  an  analysis  of  cost  savings  accompanying  the  use  of 

**'»  .V 

foreign  assembly  Mlthaul  806/807.  ' 


6 


The  technical  condition  required  for  806/807  to  be  critical  to  the 

"  % 

*  M 

use  of  offshore  assembly  is  that  expression  (9*2)  be  less  than  / 

•  '  •  - 

but  greater  than  0* 

180.  And  as  much  has  been  said  by  the  Japanese;  see  in  Section 

8. 

181*  One  operator  with  an  automated  bonder  replaces  roughly  30 
workers  using  manual  bonding  techniques.  In  trimming  and  forming/  one 
worker  and  appropriate  machinery  replaces  seven  workers.  See 
ilatltflniCS/  (June  2/  1931)/  p.  38 

132.  Texas  Instruments  recently  announced  plans  to  start 
fabricating  chips  in  Singapore  in  1933.  See  A£ian_iall_SlL££i„d£ULQal, 
(February  It,  1981)/  p.  6.  • 

1&3.  See  (June  23/  1980)/  p.  16; 

testimony  ol  Robert  xcyce  before  Subcommittee  on  International  Finance/ 
Senate  Committee  on  Banking/  Housing/  and  Urban  Affairs/  (January  15/ 
1980),  p.  113;  £l££ilflHi£S  (way  19/  1981)/  pp.  132/  145. 

184.  Frost  and  Sullivan  Report  No.  716/  quoted  in  Northern 
CaliiflIDifl_Ll££ilflBi£5_u£MS  (January  7,  19B0)/  p.  1. 

185.  See  Electronics#  (June  2,  1931),  p.  38. 

186.  Although  this  situation  may  have  begun  to  change  by  the 
late  1970s/  as  the  U.S.  SCD  producers  increasingly  began  to  make 

offshore  investments  in  more  automated  assembly  facilities. 

t  '  * 

187.  To  be  precise/  a  Markowitz-efficient  portfolio* 

•  ~9  ,  :  . 

'  If  capital  markets  work  perfectly  efficiently/  decisions  that 

*  .  » -  • 

improve  the  return  on  investors'  assets#  given  some  fixed  level  of 
risk/  ought  to  result  ir.  increases  in  the  market  value  of  the  firm  that 
makes  them.  Since/  in  this  simple  view  of  things/  firms  are  merely 


financial  intermediaries  with  the  technical  ?nd  financial  information 
to  transform  an  investor's  capital  into  a  portfolio  of  tangible 

»  «  _  r‘ 

,  f>-  ■ 

Investments  in  products/  processes/  and  production  locations/  a  single 

-  -v  .. 

firm. has  no  determinate  mix  of  products/  processes/  and  production 
locations.  In  the  aggregate/  however/  the  market  is  assuned  to  reward 
■arginal  firm  decisions/  that  make  the  market  portfolio  more  efficient/ 
with  increased  firm  market  value.  Thus/  production  managers  for 
individual  firms  would  be  guided  by  market  signals  to  improve  the 
aggregate  market  portfolio/  and  while  the  overall  aggregate  investment 
in  products/  processes/  and  production  locations  KfiUld  be  determined  by 
risks  and  returns  of  invested  assets/  the  composition  of  a  single 
firm's  portfolio  of  investments  in  these  characteristics  would  be 
indeterminate. 


168.  If  TFJ  is  return  to  a  dollar  invested  in  semiconductor 
assembly  in  location  1/  TT*  the  return  in  location  2/  we  are  assuming 


that 


L  L 

+  ^  ®lt*i  +  ^1  »  ^2  “  ^2  +  2 
l-l  l-l 


*1  + 


where  ri^  are  mean  return  in  the  two  locations;  there  are  L 
underlying  factors  (1^)  which  affect  the  returns  of  these  and  all  other 
assets  in  the  market/  with  effect  equal  to  or  for  location  1  or 
2)  and  €(  and  are  location  specific  disturbances  ("country  risk") 
that  are  independent  of  the  returns  to  all  other  assets  (including  each 
other)  in  the  market  portfolio.  Investment  returns  in  locations  1  or  2 

»  v  ■  r 

would  the-  be  related  tc  each  other  or  to  returns  in  other  locations  or 
procurts,  oniy  through  these  underlying  factors.  Tne  empirical  content 
of  this  assumption  is  that  all  covariances  among  rates  of  return  to 
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offshore  semiconductor  production  investments  can  be  expressed  as  a 

. 0t  • 

fixed  linear  combination  of  the  L  variables  I«  (where  1  is  the  number 

''  ^  y  .  f  •  ■ 

of  underlying  factors)  whose  values  change  from  year-to-year/  but  are 
the  same  for  all  semiconductor  production  investments/  regardless  of 
location. 

See  the  technical  appendix  for  a  complete  discussion. 

189.  See  preceeding  footnote.  CH  =  C  when  underlying  factor 
I|  has  no  effect  on  returns  in  country  i. 

190.  To  see  tnis/  note  that  TTj.  is  a  variable  profit  function 

(per  unit  capital)  containing  prices  of  inputs  and  outputs  as  its 
arguments.  An  output-augmenting  technical  changemeguivalent  to  (and 
leads  to  identical  input  and  output  decisions)  an  increase  in  the  price 
of  output  n  the  old  profit  function/  holding  other  input  prices 
constant,  it  will  thus  cause  a  shift  in  intercept  H,  which  includes 
tne  term  containing  the  log  of  output  price.  The  same  argument  applies 
to  output-augmenting  technical  advance  shifting  the  values  of  and 

f0  in  (1C. 6)  and  (10.13). 

191.  See  Muth/  "Optimal  Properties.  •  .  " 

192.  1.  e.  /producers'  prior  period  expectations  of  the  price 
level' at  time  t  (p£  )  are  equal  to  the  rate  of  increase  in  prices 

observed  in  the  previous  period  (  /  Pt-x  times  a  weighted 

\ 

average  of  tne  actual  and  expected  price  levels  at  time  t-1. 

\  , 

193.  The  value  of  capital  to  value  of  output  ratio  is  Just 

*  pk  k'(P;')/P« 


# 
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where  k*  is  the  physical  capital-output  ratio*  ir ' 

'  -*> 

.  194.  Substituting  into  (10.8)  using  (10.6)/  (10.4),’and  (10.3), 

y 

we  then  have,  adding  an  additional  subscript  to  our  variables  to  allow 

jr“'-  •  • " 

for  our  log  specif ications  for  values  that  vary  over  tine  (and  onitting 

*•  »  » 

t  and  i  when  values  are  constant  over  tiae  or  country) 

W0.9>  in  Tu  -  in  -  [}  -  X  -  «J(  in  -  in  )  -  [«»] 


‘«t  '  *»  p„t.2  > 


*“  Tlt-i  +  ]  C*3 (  11  F«t  '  Plit-2  > 

♦  I  [«  (l  +  dj  -  .j  (2  -  X  -  8  )]  (in  fy  j  -  in  ?y2  ) 

+  *[(4J  +  *j)  SX]  tnr«t-2  +[«  <!-»«*  '  > 

+  6X  In  “tow,)* j  4»  t  H* 

u't  -  )  +  [«x]  4  +  j)  a-x)  (vlt  -  vlt>1  >  +  sx  tu-j 


The  easiest  way  to  see  this  is  to  solve  (10.4)  to  get 


toK  -  «  /Cl-O-fK)  •*“  K* 


using  L  to  denote  the  log  operator,  solve  (10.6)  to  get 


to  P*  -  (1  +  X)  L  -  L2  )  /  (1  -  (1-X  )  L  ) 


then  substitute  these  expression's  into  (10.6)  and^l0.3)  respectively, 
and  Multiply  both  sides  of  (10.8)  by  (l-(l-X)1*)  (l-(l-f)L).  The 
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result  is  (10.9).  with  brackets  enclosing  the  coefficients  of  the 

variables  used  as  data/  and  the  *e#  superscript  used  to  denote 

v  -  '  ‘  *  . 

expectations  of  H  and  J  Tne  last  bracketed  term  is  a  random  error#  with 

an  econometric  error  term  added  to  equation  (10.8)« 

195.  Since  the  806/607  tariff  items  amount  to  a  subsidy  to  the 
use  of  U.  S.  components  in  imported  manufacturers  at  a  rate  of  subsidy 
equal  to  the  tariff  rate. 

196.  With  this  modification  (10.9)  becomes 


(10.10)  in  Ylt  -  in  y1£  2  -  [2  -X-f]  _  '  (to  -  to  Ilt.2)  -JixJ 

*°  Tit-i  +  [%L}*  piLt  -  *»  *»  -  (2-X-trj 


Un  PiLt-l  "  ln  PlLt .2  }  +  (dPL  +  epL  >  9X  In  P 


iLt-2 


+  If  (1‘X)  “  Ht.x  )  +  fil  H*  4  («*t*  XCot-l 

(ei  -Ijt-O  ♦  (  «  (1+iJ  -  e^  (2  -  X-o)  (  in  X  - 

V*  >  +  WJ  +  e3  >  Sx  ln  V-2  0  +  H  S](Jlt  -  j'lt-l) 

+  M  4  (dj +  v  81  +J»-»  « <v  -  °it-i  > + « y]  • 

197.  As  in  footnote  187  to  this  section#  the  value  of 
U.S.-component  Input  per  dollar  of  capital  is  just 

P„  /ft')/PK 


•  .  J  j). 

t%  ‘  . 

.mere  Jjt  is  the  physical  U.  S.  component  per  unit  capital  ratio#  Pvi 
and  the  relevant  input  prices. 


198.  These  data  begin  in  1969.  Since  consistent  .Vr 
country-by-country  estimates  are  available  only  for  607  trade  before 
1972/  all  807  import  data  for  the  1969  and  1971  period  have  been 
■ultiplied  for  each  country/  by  the  aggregate  ratio  of  all  606/807  SCD 
imports  to  those  imported  only  under  807* 

I  thank  the  U.S.I.T.C.  for  furnishing  on  magnetic  tape  the 
unpublished  6C6/8G7  import  figures  from  which  the  SCO  import  figures 
were  constructed* 

199.  The  wages  were  converted  to  U.S.  dollars  using  the  market 
exchange  rate.  Since  the  wages  refer  to  different  pay  periods  and 
industries/  it  is  assumed  that  they  are  comparable  to  each  other  after 

a 

deflation  by  a  country-specific  scalar/  related  to  each  country's 
internal  wage  structure/  fringe  benefits/  and  norms  for  monthly  hours 
worked. 

Actual  wage  data  used  were 

A.  Mexico/  Korea/  Hong  Kong:  Average  wages  in 
manufacturing/  1967-1979/  from  ILO/  Yearbook of 
lni£Lnalicoal-.Labfl£_51aiisli£S/  various  years. 

B.  Singapore/  1967-1978  same  as  A.  1979  estimated 
on  basis  of  2G  percent  average  wage  increase 
reported  in  AaidO (hay  25/ 

«  1961/  p.  17. 

C.  Taiwan/  hourly  wage  in  manufacturing  1966-1977/ 
i r ,t  U.S.  Bureau  of  Labor  Statistics/ 

Linked  to  official  figures 
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lor  hourly  wage  in  manufacturing/  1977-1979^7/x.  ~ T, 

*  +>'*4 

•'  V4 

reported  in  Taiwan/  £iaiisii£flUte£lfe££E_ftf_ib*  • 
EfiEUiiiC-fli-ltiiQfl*  . 

0.  Philippines/  index  of  average  hourly  earnings 
for  unskilled  labor  in  non-agricultural 
occupations/  from  IMP/  lDi£XDaiiPMl_£iuaD£ial 
&ldli£li£5/  various  years* 

Ail  exchange  rates  are  from  IMF/  InifilQaiiaDSi-CiDaacial 
Statistics*  except  Hong  Kong/  based  on  trade  conversaion  factor  from 
J.N*  /li£fliiily_3ull£lifl_££_£iaHsli£S/  and  Taiwan/  1979/  from  official 
statistical  yearbook. 

Since  8G6/8G7  SCO  imports  in  significant  volumes  did  not  come  from 
tne  Philippines  until  1973/  estimation  of  the  model  (which  requires  two 
years  of  lagged  imports  data)  used  only  the  years  1975-1979  for  the 
Philippines.  Data  for  1971-1979  were  used  for  all  other  countries. 

200.  The  actual  political  shift  dummies  used  were 


(i)  for  Mexico/  all  years  =  0,  except  1975/  1976  * 
1;  (ii)  for  Taiwan/  all  years  =  0/  except  1978/ 
1979  *  1;  (iii)  for  Philippines/  all  years  *  0/ 
except  1972  *  1/2/  1973  to  1979  =  1  (martial  law 
was  declared  at  the  end  of  1972)* 


r 

To  take  into  account  that  the  expectations  of  country  risk  in  year 

y,  . 


t  (when  optimal  K*  is  determined),  depend  on 

previous  years'  observations  of  country  risk/  the  "expected"  shift 
dummy  used  as  a  determinant  of  optimal  capital  stock  K*  was  taken/ 


simply#  to  be  the  unweighted  average  o £  the  dummies  (i)  to  (ill)  for_ 

Q, 

the  three  years  t-1#  t-2#  t-3#  and  called  in  (10.11)  and  110.14). 

201*  Note  that  when  all  country  Intercepts  are  constrained  to 

e»* 

equal  zero#  the  overall  intercept  is  the  value  for  1971#  without 
reference  to  country. 

202.  Since  we  do  not  directly  observe  offshore 
production  —  instead  we  have  customs  value#  which  as  mentioned 
before#  is  a  constructed  value  having  an  uncertain  relation  to  actual 
sales  value  —  we  assume  that  customs  value#  C£  #  is  related  to 
unobserved  production  by 

In  clt  -  tn  *t  +  in  Ylt  +  ylt 
(or  Clt  -  *t  Ylt  e*1*  ) 


(&t  a  year-specific  constant  relating  customs  to  market  value#  and^^ 
random  error. 

If  we  substitute  with  this  into  (10.11)#  we  have  a  relationship 
identical  to  (10.11)#  but  with  In  on  the  left-hand  side# 
incorporated  into  the  constant  and  the  time  dummies#  and  n 

■A 

incorporated  into  ^  •  This  was  the  relation  that  was  actually 
estimated. 


203.  Tne  bulk  of  duty-free  U.S.  value  is  probably  the  declared 

export  value  of  the  unassembled  chips.  Some  other  U.S.  materials  are 

1 ; 

permitted  to  reenter  the  U.S.  duty-free#  but  most  other  U.S. 
laterials#  which  undergo  physical  transformation#  are  probably 


dutiable. 
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204.  To  be  precise,  if  the  original  V ^  of  (10.8)  art 

%  > 

independent,  identically  distributed,  the  transformed  errors  of 
equation  <10. 15A),  with  V  *  f  (l- X)  <  -  V*.,  )  ♦  i\  vlt  * 

will  display  first-order  autocorrelation  with  autocorrelation 
coefficient  equal  to  -  6  (1-X).  Even  with  such  autocorrelation,  our 

coefficient  estimates  remain  consistent.  For  X  small,  tne 
autocorrelation  coefficient  will  be  quite  small,  and  little  error 
introduced  into  our  estimates  of  standard  errors. 

2C5.  lhat  is,  two-stage  least  squares  was  used 
equation-by-equation  to  estimate  the  parameters  of  (10.15) 
consistently,  then  residuals  were  calculated  to  consistently  estimate 

A  A 

the  variance-corvariance  matrix  of  V  and  w  (assumed  constant  over 
country  and  time).  The  estimated  variance-covariance  matrix  was  then 
used  to  transform  the  data,'  and  the  coefficients  of  (10.15) 
simultaneously  estimated  as  part  of  a  single  "stacked"  equation  system. 
Tne  G35LS  procedure  of  SPSS 

was  used  for  SLS  calculations, 

and  the  INST  proceudre  from  TSP  for  an  original  single-equation 
analysis  using  two-stage  least-squares. 

it 6.  Since  our  estimate  of  bl  <  -  3-  s  -X  )  applies  an 

estimate  of  ♦  A  equal  to  .59,  with  a  standard  error  of  .51. 

507.  “Since  and  6^  *re  both  functions  of  6  end  X  ,  they  can  be 
eolved  for  consistent  estimates  of  6  end  X  .  The  estimate  of  6 

eo  produced  using  the  second  column  of  Table  10.1  la  .59-  .0461, 

for  X  ,  our  point  estimate  la  -.11  divided  by  our  estimate  of  6  . 

The  imaginary  roots  are  a  consequence  of  8  (  ■  -  6X)  having 

estimate  .11,  when,  In  feet,  it  should  he  e  negative  number.  If 

we  eet  6X  *  0,  we  have  an  estimate  of  .59  for  one  coefficient 

when  the  other  ie  eet  to  aero. 
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208.  That  is/  if  ^  In  (10.10)  l*  equal  to  f  In  (10.13),  the 

value  oi  U.S.  components/output  ratio  Mill  be  constant.  The  special 

r*  •  * 

mfL  “ft**  corresponds  to  both  ratios  being  completely 
unaffected  by  the  uage  rate. 

209.  There  is  another  price  of  evidence  that  supports  the 

hypothesis  that  ck  =  .45,  ^  =0.  As  mentioned  in  footnote  IP*, 

these  parameters  imply  an  autocorrelation  coefficient  of  about  -(.45)* 

A  A 

-.23  in  both  v  and  4  of  system  (10.15),  if  the  original  untransformed  V 
and  k  were  uncorrelateJ.  when  the  residuals  corresponding  to  two-stage 
least  squares  estimates  of  equation  (10.15A)  and  (1G.1SB),  with  no 
restrictions  imposed,  were  used  in  an  autoregression  to  estimate  the 
autocorrelation  coefficient,  about  this  value  was  produced  for  the 
autocorrelation  in  (1G.15A)  and  for  the  autocorrelation  in  (1C.15B). 
Botn  values  are  quite  consistent,  then,  with  this  hypothesis.  Using 
<f  *  .*<5,  we  have 

In  Kj  ■  i  In  K*  +6  (1-6)  tn  +  6  (l-6)2tn  R*t_2 

which  gives  us  the  weights  described  in  the  text. 


210 .  This  must  follow,  because  if  capital  stock  is  fixed,  and 
output  rises,  use  of  at  least  one  other  input  must  have  been  increased. 
It  cannot  be  assembly  labor,  since  demand  for  labor  declines  with  an 
increase  in  the  wage.  The  amount  of  duty-free  U.S.  components  used  per 
unit  of  capital  will  rise,  but  since  it  si  fixed  by  the  level  of 
output,  it  does  not  explain  how  greater  levels  of  output  per  unit  of 
capital  is  attained.  The  only  major  remaining  input  is  dutiable 
material  and  componentry,  therefore,  use  per  unit  capital  of  dutiable 
materials  must  rise. 
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(Producers  will  choose  C,  L,  and  M  per  unit  K  so  that  both  terms  in  brackets  vlll 
be  equal,  to  minimize  cost) 


with  L,  M,  u,  and  K  labor  dutiable  material  dutyfree  materials/  and 
capital,  respectively.  Constant  a  is  the  U/V  ratio,  which  is  assumed 
fixed.  For  V/K  to  rise,  either  L/K  or  M/K  must  therefore  rise. 

ill.  In  a  formal  nypotnesis-testing  framework,  calculating  a 
t-statistic,  we  cannot  reject  this  hypothesis  at  the  90  or  95  percent 
confidence  levels. 

212.  And  it  will  Q&l'be  true,  as  sometimes  has  been  argued  (See 
U.S.  Tariff  Commission,  1970)  that  measures  that  raise  the  returns  to 
offsnore  production  (sucn  as  the  806/807  tariff  provisions)  have  no 
effect  on  the  location  of  production  in  the  cheapest  location,  when  it 
would  be  cheaper  even  without  such  incentives. 

215.  This  is  the  so-called  Kemp-MacDougal 1  optimal  tax  on  direct 
foreign  investment.  See  Kemp  (1962). 

214.  See  the  appendix  to  this  section. 


215.  'Model*  international  tax  codes,  for  example,  forbid 
discrimination  on  the  basis  of  tne  nationality  of  the  investor. 


e 


216.  See  the  appendix  to  this  section. 

217.  This  follows  from  the  fact  that  nkr 

the  elasticity  of  K  with  respect  to  the  wage 
l* 

t  the  ratio  of  gross  profit  to  the  wage  bill; 


■  mC? 


Our  estimated  coefficient  8^  from  section  10  ie  a  rough  estinete  of 
rkPT  *  ic  W8S  ne*r  -2.  Because  wages  are  a  snail  part  of  assembly 
costs  (see  section  7),  T  is  likely  to  be  quite  large  (and  exceed  1). 

pll 

2i  r .  i.is  logic  c^n  lie  reversed/  oi  course.  11/  for  social  and 
political  reasons/  wag sn  paid  by  foreign  assembly  operations  exceed 
domestic  economy  marKet  wages/  tr.en  the  tax  rate  s.»ouiJ  oe  set  at  a 
level  i22l Si*  tnat  which  would  ue  optimal  if  foreign  offshore  operations 
-ere  cnarge-  tie  marginal  social  cost  of  labor. 

See  equation  (11. A. o)  in  the  appendix  ot  this  section. 

b'iv.  course/  in  the  presence  oi  economies  of  scale/ 

externalities/  learning  economies/  or  costly  information/  they  would 
not  r. ecessarily  reflect  marginal  social  cost  to  start  witn/  and  the 
various  sorts  oi  taxes  and  controls  described  would  be  used  to  remedy  the 

situation. 

210.  u.d.  Department  of  Coninerce,  Bureau  of  Economic  Analysis/ 

* 

( - nshi ngton/  i?til  1931). 

■lilies'.,  "irian  (177  '. )  and  tae  office  oi  Broiucer  Economics/ 
je-o;  t  uent  ex  Jc.wTerce  (1  th)  have  *sti;:iuted  offshore  semiconductor 
employment  by  j  .  5  .  firms  as  follows:  (in  I'D  employees) 


1963 

64 

65 

66 

67 

68 

J59 

21 

71 

72 

73 

74 

Pinen 

(1974) 

2 

4 

7 

9 

15 

30 

67 

75 

85 

89 

NA 

NA 

Dept. 

of 

NA 

NA 

NA 

4 

10 

20 

40 

45 

50 

60 

80 

85 

Commerce  (1979) 


tot/:  series  were  supposed  to  have  been  estimated  by  the  Commerce 
Deportment  or  the  basis  of  information  supplied  by  rinan  on  the 
cfls.ic:=  c  .'irji  i5,i.  of  rejected  semiconductor  firns/  exoandeu  to  cover 

<  .  :;...i.ore  operations.  I  .he  methodology  used  to  do 
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« 

The  accuracy  of  these  figures  is  open  to  serious  question/  though. 
For  one  thing,  the  Commerce  Department  revised  these  estimates  downward 

*  n  ' 

dramatically  between  1974  and  1979/  with  no  clear  explanation  for  their 

*  *  *  , 

action  made.  Also/  the  closest  thing  to  real  statistics  on 
U.S.  offshore  electronics  employment  in  these  years  is  an  estimate  made 
by  Roger  Stobaugh  in  1970,  on  the  basis  of  information  furnished  to  him 
by  the  U.S.  Electronics  Industry  Association.  He  concluded  that  the 
total,  worldwide  foreign  employment  of  U.S.  electronics  firms  in 
foreign  plants  producing  items  entering  the  U.S.  under  tariff  item  807 
amounted  to  about  66,000  workers  in  1968,  and  B3,U0G  workers  in  1969. 
Employment  in  products  actually  imported  under  807  was  estimated  to 
have  been  4S,0C0  workers  in  1966,  and  46,000  workers  in  1969.  (See 
>  Stobaugh,  1970). 

Since  the  U.S.  Tariff  Commission  points  out  that,  in  those  years, 
U.S.  Bl'b  and  3?7  SC D  imports  were  essentially  coming  from  the  same 
plants,  with  807  accounting  for  the  bulk  of  imports  (U.S.  Tariff 
Commission,  1970),  these  figures  must  be  considerably  greater  than 

i 

actual  offshore  employment  in  semiconductors  (since  all  electronic 
products,  not  just  semiconductors,  and  all  plants,  not  just  plants 
mainly  producing  for  export  to  the  U.S.  are  considered). 

It  we  take  the  qualitative  shifts  (rather  than  exact  levels  of 
employment)  portrayed  by  these  figures,  however,  we  are  left  with  the 
impression  of  great  growth  in  offshore  SCD  employment'  in  the  period 
1966  to  1969,  and  1972  to  1973.  Tnis  is  consistent  with  other 
m  presented  elsewhere  in  this  essay. 
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’  «r-  — 

221*  U.S.  Department  of  Commerce/  unpublished  compilation  of 

*  r 

official  trade  statistics*  '  i  ■ 

•  »*  e 

- t‘ 

222.  The  firms  in  the  sample  accounted  for  about  85  percent  of 
h  sUb.l  semiconductor  sales  in  1972*  This  may  be  seen  by  comparing  the 

names  of  firms  in  the  sample  with  market  shares  published  in  Webbink 
(1979)/  p.  22. 

223.  See  the  U.S.  Census  of  Manufactures/  1977. 

224.  See  the  overview  essay  in  this  study. 

225.  Inese  arguments  are  considered  in  the  overview  and  country 
case  studies. 

226.  See  bruno. 

227.  Total  income  and  total  sales  are  virtually  synonymous  in 
this  case,  as  may  be  seen  by  examining  the  data  for  MOFAs.  (Total 
sales  are  not  available  for.  affiliates  other  than  MDFAs) . 

228.  Philippine  exports  of  semiconductors  were  (in  million 
U.S.  dollars) 


1976 

1977 


84 

125 


1978 

1979 


253 

289 


See  aiiSiD£SSJei££Ji/  (dune  16/  1980/  p.  36.  In  1960/  Philippine 

SCD  exports  amounted  to  almost  $516/  and  manufactured  exports  to  a 

•  *  *  • 

little  over  $2  billion.  See  AfiiaD-iflU-51X££l_j£U£Dfll/  (April  13/ 
1981). 

229.  See  tne  Mexico  case  study. 


9 
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230.  In  Section  9.  .•  ?'  — 

•  -*  4«’  /«•*  •  »  • 

l  ' 

231*  Some  have  permanent  offices  in  the  American  "Silicon 

■r. .  '  * 

Valley#"  where  the  arrangements  are  made.  A  Philippine  subcontractor 
even  took  the  step/  recently/  of  setting  up  a  U.S.  assembly  line  using 
Philippine  immigrant  labor.  lifltltifiia.Caiilfliaia-IlfiClIflaiC-lifiMS/  (May 
12/  1930). 

232.  In  Hong  Kong/  see  U.S.  Department  of  Commerce/  fijgfral 

(Washington/  1974). 

233.  In  Korea  and  Taiwan.  See  Asian  Wall .  5* VPVinal* 
(February  16/  1961)/  p.g.  ;  (April  13/  1981)/  p.  7. 

234.  See  Section  9. 

235.  See  footnote  133/  above. 

236.  lfiidx  On  the  other  hand/  one  firm  is  "sending  its  local 
engineers  to  a  California  semiconductor  company  with  which  it  has  close 
connections."  All  three  firms  expect  China  to  be  a  major  market  for 
their  output/  emphasizing  how  difficult  it  is  to  prevent  the  export  of 
technology  even  wnen  strict  controls  are  placed  on  the  export  of  the 
products  in  which  it  is  embodied. 

237.  Firms  generally  prefer  to  set  up  their  own  offshore 
operations  because  they  are  cheaper  (perhaps  because  capital  is  cheaper 
for  them)/  but  smaller  firms  not  yet  ready  to  absorb  the  fixed  setup 
cost  often  subcontract  assembly.  See  Finan  (1974)/  p.  63;  Dickens/ 
(1980)>  p.  83. 

^30.  Korean  authorities/  for  example/  frankly  acknowledge  that 
skilled  manpower  is  the  key  bottleneck  in  the  future  development  of 
their  semiconductor  industry.  Korean  Development  Institute/  LfiQSrl&Ll 
ElflSfc*£i_IflI_E£flaaffli£_aDd-Sfl£Ul-fl£V£lfl£JD£Di^_1222z21  (1978)/ 
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p.  259-287,  _ 

•  ■* 

239.  In  Mexico  during  the  1975-76  period/  there  were  suggestions 

,y 

that  assembly  plants  acted  in  concert  to  create  pressure  for  lower  wage 

< 

levels. 

It  may  well  be  that  relatively  ainor  portion  of  employment 
accounted  for  by  these  offshore  assembly  operations  in  aost  countries 
is  a  cftas£SU£Q££  of  host  country  desires  to  ninlmize  export  instability 
and  dependence, 

240.  Which  basically  could  be  eliminated  by  an  equally  idealized 
system  of  lump-sum  transfers. 

241.  For  a  discussion  of  optimal  policy  in  the  presence  of  these 
costs/  see  Lapan  (1976/  1978/  1979)  and  Ray  (1979). 

242.  Technically/  0  is  a  compensated  demand)  i.e.  /  the  demand 
for  semiconductors  that  would  obtain  it,  as  we  changed  the  price  of 
semiconductors  and/  therefore  the  cost  (price/  in  a  competitive 
consumer  good  industry)  of  finished  consumer  goods/  we  were  to  make 
lump  sum  transfers  to  consumers  to  maintain  their  satisfaction 
constant. 

As  an  approximation/  however/  we  shal*  use  the  market  demand 
instead  of  the  compensated  demand  curve.  Willig  (1976)  shows  that  this 
is  a  reasonable  (i.  e.  ,  generally  relatively  minor  errors) 
approximation. 

243.  See  Schraalensee  (1976)/  Carlton  (1979). 

*• 

244.  To  see  this/  note  that 

c 

▼  (c  )  -  ;  •  -  c  :  :  c- 

r* 

v  (c^>  -  ;  -  ”  co  -  q  u  .  * 

c  1 


or 
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Taking  a  second-order  Taylors  series  approximation  to  V  in  the 
neighborhood  of  0/  i.  e.  /  for  C  -C  close  to  zero  •  /•'  •  * 

lb  "  .  ^  *•*  * 


#  • 


7-  «fc-V  <-««.»  ♦  ^-_V2  ( .  > , 


ao 


>Qo 


“(5*  - 


1  )  (  1  +  (_“  -  1  ) 


Os* 


which  is  just  (13.1). 

w45.  At  fixed  international  prices.  *e  are  also  assuming 
foreign  exchange  is  in  perfectly  elastic  supply/  and  that  foreign 
imports  are  not  allowed  to  be  substituted  for  U.  S.  -produced 
semiconductors  as  U.  S.  semiconductors  become  more  costly. 

246.  he  have 

Q  =  q  (P)  X  (h(P))  witn  Q  total  demand  for 

semiconductors/  q  demand  per  unit  of  consumer  good 
Q 

output/  s  ~  (a  function  of  the  price  of 

semiconductors)/  X  demand  for  the  final  consumer 

- y 

good/  a  function  of  h,  the  unit  cost  of  producing  X  (assumed 

equal  to  prich^  in  turn  a  function  of  the  price  of  semiconductors  . 

Then  differentiating  with  respect  to  P 

«*'  *  q'  X  ♦  q  X'h'.  By  Shepherd's  Lemma/  h'  =  q/ 

/  p  ^  /  p  +  t'k  h'  p  l 

Q  Q  ’  q  q  x  b  i 


i 
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•  hich  is  just  (2i.2). 


w*t7.  This  follows  trom  the  fact  that  input  demands  are 
hoaiogeneous  of  degree  zero  in  prices.  Tint  is/  letting  ?o  stani  for 
the  price  of  another  input  (we  assume  only  l  for  expositional 
simplicity)/  an  s  Px  the  price  of  output/ 

q  (P,  PC)  -  q  (  _Z_  ,  _|£  ). 


Then/  taking  derivatives  with  respect  to  tine 


ia 

dt 


is. 


9  P 


d  W 

dt 


(—) 
d  <‘Px; 

dt 


_ y  our  assumption  of  roughly  constant  relative  prices  for  inputs  otner 
t.uiri  semiconductors/ 


Po 
d  Px 
dt 

we  have 


=  0. 


and 


9a  (P.  Po)  -- 
9P 


Now,  since  9q  CP,  Po) 
9P 

ia  -  h.  I|,  isl  Tx 

dt  Sp  ” 


f  —  r° 

9q V  Px.  Px 


3(1) 

Px' 


d(l  ) 

vPx' 


dt 


d£  ^  fftaltiplylng  both  sides  by  P 
dt_-.P^T  *  q 


life) 

dt 


‘qp 


-  d£ 

d4> 


p 

Px 

q 


which  is  C13.3). 


i.i-  only  ot.ier  serious  attempt  t;iat  1  a>i  aware  of  is  that 
of  eeuui n'<  (1,17)/  who  regressed  tne  log  of  aggregate  demand  for 
different  types  of  semiconductor  devices  on  log  semiconductor  price  3ni 
the  lo,  of  value  of  electronics  sales.  If  the  electronic  output  price 
n.r.:  :  i  c 1  unonservc  j)  is  negatively  correlated  with  semiconductor 


nrrcus  over  tie  perioi  of  .lis  sarnie  (roughly  2,30,-1972),  whic.n  we 


would  expect/  and  positively  correlated  with  output  (also  to  be 

-  ~  4  “  .« 

expected/  as  demand  for  electronic  products  increased  in  spite  of  price 

increases)/  his  estimate  of  the  price  elasticity  will  probably  be 

*■  *  - 

biased  toward  zero.  This  is  because  the  bias  in  his  estimate  of  the 
price  elasticity  will  equal  -  by  /  with  y  the  coefficient  of  the  loq  of 
electronics  sales/  and  b  the  coefficient  of  semiconductor  price  in  an 
auxiliary  regression  of  the  (unobserved  and  omitted)  log  of  electronics 
output  price  against  the  logs  of  semiconductor  price  and  value  of 
electronics  output  (the  included  independent  variables).  See  Theil 
(1971/  Pp.  549-550)  for  a  description  of  the  principles  determining  the 
specification  bias  when  an  independent  variable  that  might  be  included 
(i.e./  the  log  of  electronic  output  price)/  is  omitted. 

Webbink's  own-price  elasticity  estimates  were 

linear  ICs  -1.4 

digital  ICs  -1.6 

silicon  transistors  -.65 
germanium  transistors  -1.7 
silicon  diodes  -.77 

germanium  diodes  .28 

lead-mounted  rectifiers  -.93 
chassis-mounted  rectifiers  -1.4 

zener  diodes  -.69 

»  * 

~ He  made  no  attempt  to  correct  for  changes  in  the  * 

* 

complexity  of  ICs  over  the  1960-1972  period.  .. 


The  only  other  related  estimate  I  found. 1#  ?  % 
that  of  Wilson/  Ashton#  and  Egan  (1930)/  who#  based 
on  the  Observed  price-qUantity  relations  for  a'eaory 
bits  sold  over  1971-1979/  guess  that  the  total  (not 
per  computer  manufactured)  price  elasticity  of 
computer  memory  bit  demand  (of  MOS  RAM  ICs)  to  be 
about  -2.  Their  estimate#  because  it  does  not  take 
into  account  changes  in  computer  demand#  and 
because  no  actual  price  data  for  memory  bits  sold 
mas  used  (instead#  aeaory  bit  costs  in  the  aost 
advanced  design  chips  manufactured#  and  guessuork# 
uas  used)#  is  not  particularly  solid* 

249.  Noyce  (1977)#  p.  67* 

250.  According  to  U.S.  Censusof 
&aQlila£lU££5#  1972. 

251.  Call  x  the  measured  percentage  rate  of 
increase  in  output  betueen  1967  and  1972#  y  the 
measured  percentage  rate  of  decrease  in  price 

e 

betueen  1967  and  1972.  Our  calculated  price 
elasticity  (tiaes  -  1)  is  Just  x/y.  If#  houever#  1 
unit  of  semiconductor  sales  in  1972  is  equivalent 
to  fi  units  sold  in  1967  (  /if  >  I  )#  then  the 
'true*  price  elasticity  for  1967-equivalent  devices 
is  ^  §{f  J  juhich  uill  fall  short  of  V. 

aeasured  elasticity  as  long  x/y  is  greater  than 
1  (which  it  is#  for  all  sectors  in  Table  13*1)* 
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To  see  this,  note  that 

A_  /  *=*,  -  -  <  0  for  x,  y  >  0. 

da.  v  yW  Cy+aV 

252.  dais  is  probably  not  a  bad  assumption/ 
as  a  reasonable  approximation,  i-’or  example/  an 
executive  at  :>\C  (one  of  tne  biggest  Japanese  1C 
mnxers)  explained  in  1381  why  uapanese  producers 
were  delaying  mass  production  of  the  new  generation 
of  computer  memory  chips  in  these  terms/ 
stating  tnat  "If  6eKs  are  introduced  in  the  market/ 
tnere  will  be  no  demand/  since  four  16  Ks  are  less 
cusMy  man  one  n,h.»  ( isi32- -lall-iiUfiSi-iiflUia&l 
s.&ji'llh  April  0/  13  81,  p,  14), 

The  1.5.  Census  index  of  1372  1*7  output  at 
lSt7  prices  was  first  multiplied  Dy  four/  and  then 
multiplied  by  the  (1»57  dollar)  price  index  for  ICs 
to  get  a  new  estimate  of  the  value  of  1972  IC 
outrut  at  19^7  prices  in  terms  of  I3p7-type  ICs/ 
ana  used  in  the  numerator  of  the  calculated 
elasticity.  Then/  the  revised  figure  for 
( 1 967-priced)  1972  1C  output  was  added  to  existing 
estimates  of  the  ( 1 3c7-pr iced)  value  of  1372 
production  of  otiier  types  of  semiconductors/  then 
divided  into  1972  STD  production  of  all  classes  of 
devices  at  current  prices/  to  get  an  implicit  price 
deflator  for  a  unit  of  1972  5CD  output  in  terms  of 


r 


n 


r 


r 


» 


x_  r* 


i 


Mo  +  * 


defined  in  the  text. 

Since  this  difference  between  price  and  the 
cost  of  Manufacture  covers  the  costs  of  R  and  D/ 
corporate  overhead/  and  profits/  it  will  remain 
approximately  constant  in  a  competitive  industry  as 
long  as  the  technology  of  assembly  does  not  change 
too  much  when  brought  back  onshore* 
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1967  output*  The  original  (cross-weighted)  1972 
census  price  deflator  for  S CD  output  (1967*i00^  was 
86*9*  The  implicit  SCO  price  deflator  after’ 
revaluing  1972  production  at  four  times  the 
original  (1967-priced)  quantity  index  was  30*9* 

This  new  price  for  1972  semiconductors  in  terms  of 
1967  prices  was  then  used  to  recalculate  the  change 
in  the  relative  price  of  semiconductors  over  the 
1967-72  period  in  Table  13.2* 

253*  That  is/  let  price  less  manufacturing 
cost  (with  offshore  assembly)  equal  a  constant TT* 
Let  manufacturing  cost  offshore  be  *»/ 
manufacturing  cost  with  onshore  assembly  K- 
Then 


— —  -  1  •  ^  -  l  •  “  Kd  _  Ho 

Co  “ 


n 

i 


*0  +  * 


-  a*b 


'1 


For  example*  if  the  transfer  of  assembly  back 

+  '  **  *  . 

to  the  U*S*  led  to  the  use  of  autoaated  assembly:' 

A  $*y. 

techniques  using  much  sore  capital/  TT  (whicV  '  * 

'  -  i 

contains  tne  return  to  tnat  capital  Investment) 
night  increase  somewhat*  Since  assembly  has  become 
a  relatively  small  part  of  the  cost/  however/  TT 
would  probably  not  increase  a  great  deal  even  with 
a  switch  to  automation* 

254.  The  estimates  of  manufacturing  cost  as 
a  percent  of  sales  price  were 

See  page  220a. 


255.  The  average  price  of  a  semiconductor  if 
there  is  no  offshore  production/  P„/  is  just  Cu . 

The  average  price  with  f ractiorttassembled  offshore 

» 


which  is  used  in  the  text  to  get  our  likely 
parameter  ranges* 

In  doing  so/«was  taken  as  equal  to  *7;  see 


Section  9 
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H  254. 

P, 


VClne 

Description 

Source i 

s 

.65 

For  Industry,  early  197 Os, 
with  offshore  assembly  in 
Singapore 

Flnsn  (1975),  F.  26 

> 

.40 

16K  RAM,  computer  memory  IC, 

1979,  with  offshore  assembly 

« 

Dickens  (1980) ,  F.  82 

9 

.30 

Simple  linear  IC,  1979,  with 
offshore  assembly 

Dickens  (1980),  F.  83 
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256.  See  "World  Markets  Forecast/" 
Elect topics.  (January  3/  1981)/  p.-  131* 

257.  Statistics  are  taken  from  U.S 


CftOSUft 


fil-KaUUlflClUIfiS/  1977. 

25B.  Some  manufacturers  trimming  their 
operations  in. early'  198l‘  reported  that  the  bulk  of 
their  shutdowns  affected  their  U.S.  employment  and 
not  their  foreign  operations.  See  FlftCftaoiC..MfiWS* 

(March  30/  1981)/  "Semicon  Firms  Wriggle  Work 
Schedules";  Mew  York  Times.  (May  30/  1931)/  "Layoff 
Set  by  Texas  Instruments";  Asiafl-Kall-StEfiftt 
iteULlial  (Sept.  1*/  1931)/  P.  14. 

259.  That  is,  regressions  of  the  form  in  X 

*  a  ♦  bt  were  calculated  for  dependent  variable  X 

corresponding  to  production  and  non-production  employment  In 

the  U.S.  industry,  and  t  a  time  trend  variable  vlth  value  0  in  1963, 
Incremented  by 

1  in  every  subsequent  year.  Coefficient  b  is  an 
estimate  of  the  trend  growth  rate.  Over  the 
1963-1978  period/  b  was  equal  to  .030  for 
production  workers/  .060  for  non-production 
workers. 

Deviations  from  trend  employment  were  then 
calculated  by  comparing  actual  employment  that 
predicted  by  the  trend  growth  equation  estimated. 

260.  That  Is  to  say/  for  a  given  average  ' 
volume  of  semiconductor  employment/  increasing  the 
proportion  of  that  employment  which  is 
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non-production  workers  reduces  the  variations  In  total  employment. 

This  follows  from  the  feet  that-  based  on  figure  13-2-  variance  of  non- 
production  employment  around  its  predicted  seen  is  less  than  the  variance  of 
production  employment ,  and  their  covariance  is  positive  (i.e.,  the  fluctuations 
tend  to  move  together). 

To  put  this  more  formally,  we  are  hypothesising  that  total  employment  equals 

(S^  4  N  +  SpCp)  L,  with  and  -Sp  the  fractional  shares  of  non-production  and 

production  employment,  respectively,  in  total  employment  L  (S  +S  «1),  £w  and  £» 
(mean  1)  random  errors  associated  with  fluctuations  around  expected  employment 
at  any  moment  in  time.  Let  O'*,  o***,  *hd0\—  be  the  variances  and  covariance  of 
these  random  fluctuations.  *  w 


The  variance  of  total  employment  is  then  equal  to 

L2  C  SH?  *  U-Sh>2  of  * 


and  its  derivative  with  respect  to  S~ 
Increase  in  the  portion  of  employment 


2L2  <T  2 


[  hfy  - 


2|f. 


NP 


)  + 


(i.e.,  the  effect  on  variance  of  an’ 
made  up  of  non-production  workers)  is 


with 


?NP 


the  correlation  coefficient  o: 


and  € 


P* 


Using  the  residuals  of  the  estimated  equations  described  in  the  last  footnote, 
we  can  form  consistent  estimates  of  (r  ,  and  »  taking  on  values  of  about 
.659,  .00964,  and  .0280,  respectively.  m  r 


For  an  increase  in  %  to  reduce  variation  in  overall  employment,  we  must  then 

hm  V 

~  $  Pwf 

which,  using  our  estimates,  requires  that  S^d  1.07. 

Therefore,  with  the  observed  pattern  of  employment  fluctuation,  any  increase  in 
the  employment  share  of  non-production  workers  appears  to  reduce  the  instability  of 
overall  employment  (since  Sg  must  always  lie  between  0  and  1). 


261,  U.S.  Department  of  Labor#  Bureau  of 
Labor  Statistics#  Industry  yfgflft 

(bashington#  1979)#  BLS  Bulletin  2021. 

262.  See  Rubenstein  and  Andrews#  lag 

fclficliflalcsapduslt^la  JjgM-£nflland_t  o  _  1 9  . 

(Federal  Reserve  Bank  of  Boston#  December#  1959)# 


»•  9. 


*c4.  since 


-g  Q(P) 

d  * 


P  and  Q 


the  price  and  quantity  ot  'J.S.  SCD  output, 
respectively; 


sQ  dP 
d* 


as  before,  we  assume  aggregate  average  SCD 
price  is  a  weigiteu  average  of  tne  prices  of 
cevices  assembled  onshore  ana  offshore,  so 


c  +  (1-«C)  C  (see  footnoteaW) 
o'  u 


-  C  -  C  ,  and  r\ 


o  u 


(CD  -  Cu) 


-  <  Vfo  ). 

P„ 


See  footnote  25S. 


«rci.  (liven  U.b.  iactor  prices,  and  constant 
returns  to  scale,  it  a:u  /a# a  will  je  constant* 


267.  Technically/  this  should  be  the  '  -  V 
elasticity  of  deaand  for  U.S.  production  (Including 
net  exports/  as  well  as  domestic  consumption/  which 
will  be  a  weighted  average  of  the  price 
elasticities  of  U.S.  consumption  demand  and  net 
export  demand.  Since  net  exports  are  very  small  in 
relation  to  U.S.  consumption/  however/  taking  this 
into  account  would  have  no  appreciable  effect  on 
the  price  elasticity  estimates  used.  In  1978/  for 
example  net  exports  of  finished  goods  amounted  to 
roughtly  $.7  billion/  while  U.S.  consumption  was 
almost  $5  billion. 

268.  This  net  balance  underestimates  the 
true  net  balance  on  the  international  trade  of  the 
U.S.  semiconductor  industry/  since  the  total  export 
figure  for  the  semiconductor  industry  does  not 
include  materials  other  than  semiconductors  which 
the  industry  ships/  only  to  later  reenter  as  part 
of  the  content  of  806/807  imports. 


